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What Is in This Manual? 


Sh 


This manual is a comprehensive hardware description of the AT&T 
Personal Computer 6300 PLUS (PC 6300 PLUS). See Figure 1-1. 
Major components and options available for the PC 6300 PLUS are 
described as well as their interfaces. Detailed information is 
provided on the internal architecture, busses, and components of 
the system unit. This manual is intended for hardware and 
software designers needing a detailed knowledge of the PC 6300 
PLUS. A knowledge of computer systems architecture is assumed 
on the part of the reader. 


Figure 1-1. The PC 6300 PLUS With Model 302 Keyboard 
and Monochrome Monitor 
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This manual contains: 


Chapter 1—Hardware Overview 
Introduces this manual and provides general information about 
the PC 6300 PLUS and system configurations. 


Chapter 2—Motherboard 
Provides a brief description of the Motherboard’s components 
and Input/Output (I/O) interfaces. 


Chapter 3—Bus Expansion Interface 
Describes the system buses with information needed to design 
interfaces for the PC 6300 PLUS. 


Chapter 4—Display Controller Board and Optional 
Display Enhancement Board 

Describes the characteristics and principles of operation, and 
gives a functional description of the Display Controller Board 
and Optional Display Enhancement Board (DEB). 


Chapter 5—Optional Communications Manager Board 
Provides the functional description of the Communications 
Manager Board. 


Chapter 6—Magnetic Peripherals 

Describes the configuration, specifications, functions, and 
interface elements of the Mini-Floppy Disk Unit (MFD) and 
Hard Disk Unit (HDU). 


Chapter 7—Display, Keyboard, and Mouse 
Describes the characteristics of the Displays, Keyboard, and 
Mouse. Also provides Keyboard scan codes. 


Chapter 8—Power Supply 
Describes the mechanical characteristics of the Power Supply. 
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@ Appendix 
Provides a description of the: 


@ Intel 80286 Instruction Set Summary 
@ Intel 80287 Instruction Set Summary 
@ PC 6300 PLUS Quick Reference 
@ PC 6300 PLUS Logie Diagrams. 


@ Index 
Alphabetical listing of the functions, diagrams, and 
descriptions of this manual. 
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Hardware Overview 


AT&T Personal Computer 6300 PLU 
Hardware Summary 


The PC 6300 PLUS comprises three major hardware components: 
@ System Module 

@ Display 

@ Keyboard. 


The PC 6300 PLUS is configured as shown in Figure 1-2. The 
dimensions and weights for the PC 6300 PLUS’s main components 
are listed below. 


Component l Dimensions (inches) | Weight (Ibs.) 
Model 302 Keyboard 16x 8% x 14% 5 
Model 301 Keyboard 


45, 


System Module 30 
Monochrome Monitor | 12% x 12% x 12 7 
Color Monitor 14xl4x 14 27 
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DISPLAY 


~ MONOCHROME DISPLAY (GREEN)-STANDARD 
CONFIGURATION 

— COLOR OISPLAY- 
OPTIONAL 


KEYBOARD 


~ MODEL 302-STANDARD CONFIGURATION 
— MODEL 301-COMPATIBLE 
= MOUSE INTERFACE-OPTIONAL 


Figure 1-2. PC 6300 PLUS—System Configuration 


SYSTEM MODULE 
~ MOTHERBOARD 
nero 
= S2K-BYTE READ-ONLY RERORY (ROM) 
= S12K-BYTE RANDOM ACCESS ERORY 
(RAM) -EXPANOABLE TO_1M BYTES 
‘© CENTRAL PROCESSING UNIT (CPU) /OTRECT 
MEMORY ACCESS (ORA) 
+ G-MHE CENTRAL PROCESSING UNIT (CPU) 
(INTEL 60266)-0 wart STATES, 
= GAME MIMERIC PROCESSOR EXTENSION 
(NOX) (INTEL 90287)-08T TONAL 
= DA CONTROLLER (ORAC) 
© eur auteur 
= MINI-FLOPPY DISK UNIT (MFO) INTERFACE 
(UNOLES UP TO 3 HFS) 
= PROGRAMPABLE TIMER 
= INTERRUPT CONTROLLER 
= CENTRONICS-LIKE PARALLEL PRINTER 
INTERFACE 
BATTERY BACK-UP CALENDAR CHIP 
KEYBOARD INTERFACE 
SERIAL COFPUMICATION CONTROLLER 
TIME SLICE ANO SANITY TIMER 
+ 1/0 PROTECTION AND TRAP CIRCUITRY 
1/0 Comwecrons, 
KEYBOARD CONNECTOR 
SERIAL CORMECTOR (8$222C) 
ARALLEL PRINTER CONNECTOR 


DISPLAY CONTROLLER BOARD 
840 x 640 PIIELS MONODRONE GRAPHICS 


‘© 320 x 200 PIXELS COLOR GRAPHICS 


BUS EXPANSION BOARD 
‘© ACCOPOOATES THE FOLLOWING OPTIONAL 
EXPANSION 80AROS, 
+ DISPLAY ENANCERENT BOARD (OCB) 
= WARO OTSK UNIT CONTROLLER BOARD (HOC) 
COMPUNICATIONS MANAGER BOAR 
= Ton PC/aT COMPATIBLE CARDS 


~ MAGNETIC PERIPHERALS: 
#1 360K-8rTE FD 
‘© 2 360K-BYTE r0S-PTIOMAL 


TWE FOLLOWING REQUIRES THE HARD OISK 
UNIT CONTROLLER (OC) BOARO. 

1 MFO AND 1 SLIM 20n-BYTE HARD OISK 
UNIT (HOU) -STANOARD CONFIGURATION 


= POWER SUPPLY 
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System Module 


The System Module houses the Motherboard, Display Controller 
Board, Bus Expansion Board, magnetic peripherals, and Power 
Supply, and has room for seven expansion boards. The magnetic 
peripherals may include one or two Mini-Floppy Disk Units 
(MFDs) or one MFD and one Hard Disk Unit (HDU). A HDU 
requires a HDU Controller (HDC) Board. The front panel of the 
System Module (Figure 1-3) has a green power indicator 
light-emitting diode (LED) located next to the Reset Button and 
provides access to the MFD(s). The system is cooled through air 
inlets at the base of the System Module. 
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Qn 


gp 


POWER ON LED 


ASR EINLETS: MFD A RESET BUTTON 


ie 


Figure 1-3. System Module Front Panel (Typical MFD 
Shown) 
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Input/Output (I/O) Connectors 


The following external connectors are located on the rear panel of 
the System Module (Figure 1-4): 


1 Keyboard Connector (Keyboard also has a Mouse interface 
connector) 


Serial Connector 
Parallel Connector 


Display Connector 


a fF WwW NW 


Display Enhancement Connector (Available through optional 
Display Enhancement Board) 


6 Telephone Connectors (Available through optional 
Communications Manager Board) 


7] ~Power Inlet Connector—Input AC 


8 Power Outlet Connector—Output AC. 


Note: The rear panel of the System Module also contains 
the On/Off Switch and access slots for expansion boards. 
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COMMUNICATIONS 
MANAGER 
INTERFACE 
(OPTIONAL ) 
FAN REAR PANEL DISPLAY 
ON/OFF CONNECTOR 


Se CEGLECECLE 
Pe Ty ey 
—jCEECELLELELL 
SCLEL ERE GLUE 
ab RE CEL EWE ee, 
SGEELLELLELE 
SCULELCELCLEE 
SLLELLLLLLLLL 


=BELL ELLE LL 


SCE UE EL EE CLE 
=ELELTLELELOY 
—COUlG ist Cee 
SLLLLELLLLLL 

| 


OUTPUT 
AC AC PARALLEL SERIAL DISPLAY 
ENHANCEMENT 
BOARD 
BEYEOAND CONNECTOR 
(OPTIONAL) 


Figure 1-4. System Module Rear Panel 


Display and Keyboard Extension Cables 


Extension cables are available for the Display and Keyboard. 
These cables allow the Display and Keyboard to be located up to 

15 feet away from the System Module. When extension cables are 
installed, the coiled Keyboard cable is connected to the Display and 
the extension cables run from the Display to the rear of the 
System Module. The extension cables for Color Displays also 
include a power cable. 
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Motherboard 


The Motherboard circuits are functionally divided into five 
sections: 


1 Central Processing Unit (CPU) and Direct Memory Access 
(DMA) Circuitry 


2 Memory: 
@ Random Access Memory (RAM) 
@ Read-Only Memory (ROM) 
3 Input/Output (I/O) Interfaces 
4 Real-Mode Virtualization Hardware 
5 Multi-Master Interface (MMI). 


The Motherboard is placed at the bottom of the System Module 
with its component side facing downward (Figure 1-5). When the 
lower cover of the System Module is removed, the components 
(integrated circuits, capacitors, resistors, etc.) of the Motherboard 
are exposed. 


Note: Some systems may have an additional circuit board 
on top of the Motherboard, i.e, Daughterboard. See Figure 
1-5. 


System Module 


Hardware Overview 


MOTHERBOARD /DAUGHTER BD. 
CONNECTING SOCKETS/HEADERS 


A 
| — ow : “| 
| so hee 
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= T [ So 
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as rn CanG PP ogoooe 
i) ral! — 
BSS Sa 
oc0 0 C0 EF mm oom o=at: 
100- Caan iJ 
F ——— 
i my 
DAUGHTER | 
BOARD DAUGHTER BOARD JUMPER 
CABLE (J10) 


Figure 1-5. Motherboard in System Module 
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Central Processing Unit (CPU) and Direct 
Memory Access (DMA) Circuitry 


CPU @ 


The CPU used with the PC 6300 PLUS is the 16/24-bit Intel 80286 
microprocessor. It contains the arithmetic and logic circuitry 
necessary to extract and execute program instructions from 
memory. Some of the features of this microprocessor are: 


@ Physical addressing: Direct addressing capability to 16M 
bytes of memory 


@ Virtual addressing: Virtual addressing capability of 1G 
bytes (One gigabyte). 


@ Eight addressing modes. 


The Intel 80286 operates at a frequency of 6 MHz (with zero RAM 
wait states). There is a socket on the Motherboard for an optional 
16-bit Numeric Processor Extension (NPX). The NPX, Intel 80287, 
serves as a co-processor when attached to the CPU. The NPX 
instruction set includes a full set of arithmetic functions, as well 
as powerful exponential, logarithmic, and trigonometric functions. 
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DMA Circuitry 


The DMA circuitry on the Motherboard consists of the following: 
@ DMA Controller (DMAC) 

@ DMA Segment Register(s) 

@ DMA Control Buffer 

@ DMA Data Buffer 

@ DMA Address Latches. 


The main component of the DMA circuitry is the Intel 8237A DMA 
Controller (DMAC). The DMAC is the device that generates 
requests to take over the system bus and transfer information 
directly from the I/O interfaces to the system memory and vice 
versa. This is necessary when moving blocks of data very rapidly 
from memory to I/O peripherals. 


Memory 


Random Access Memory (RAM) 


The Motherboard RAM is organized in such a way that it can be 
addressed as bytes (8-bits) as well as words (2-bytes/16-bits). It is 
divided into two banks: Bank 1 and Bank 2. Both banks have two 
groups of nine 256K-bit chips (64K-bit chips may be used). One 
group is the lower byte (even address) and the other is the higher 
byte (odd address). Eight chips of each group are used for memory 
storage and the ninth chip is used for parity checking. All RAMs 
are dynamic and require periodic refresh. Memory refresh is 
provided by the DMA circuitry. 
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The Motherboard has two typical RAM configurations: 512K bytes 
and 1M bytes. 


In the 512K-byte configuration, the RAM resides in Bank 1. 
Bank 2 will not contain any memory chips, but sockets are 
available for the easy expansion of the Motherboard memory. 
With the insertion of 256K-bit memory chips into these sockets, 
the Motherboard memory can be expanded to 1M bytes. 


In the 1M-byte configuration, Banks 1 and 2 will have 
256K-bit chips installed on the Motherboard. 


Read-Only Memory (ROM) 


The Motherboard ROM contains the Resident Diagnostics and 
Bootstrap Loader programs. Two 16K-byte Erasable 
Programmable Read-Only Memory (EPROM) chips provide a total 
of 32K bytes of ROM. The ROMs physically occupy addresses at 
the top of the 1M-byte address space. Optionally, two 32K-byte 
EPROMs may be used in the computer yielding Motherboard 
support of 64K bytes. Following power up or reset, the system 
always begins execution at location OFFFF0. Location 0FFFFO 
contains a jump instruction that directs the system to the initial 
Resident Diagnostic routine and then to the Bootstrap Loader. 
The ROMs also contain drivers for the Keyboard, MFD, HDU, and 
other peripherals, along with initialization programs for Large 
Scale Integration (LSI) chips. 
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I/O Interfaces 


The Motherboard I/O Interfaces include the following. 


Keyboard Interface 


The Keyboard Interface converts the system’s parallel data to 
serial data for the Keyboard and vice versa. The main component 
of the Keyboard Interface is the Intel 8041A Keyboard Controller. 


Speaker Interface 


The sound system has a small, permanent magnet speaker that 
may be driven from the following sources: 


@ A program-controlled output bit from control port A 


@ Timer counter 2 output. 


Mini-Floppy Disk Unit (MFD) Interface 


The MFD Interface has two major functions: 


@ Managing the logic and control circuitry for writing and 
reading data from the MFDs. 


@ Formatting new disks. 


The chief component of the MFD Interface is the Mini-Floppy Disk 
Controller (MFDC), NEC »PD765A and compatible versions. The 
MFDC interfaces the CPU to the MFD(s). It uses DMA during 
data transfers. In this way, the CPU need only load the command 
required into the MFDC. All data transfers occur under the 
control of the MFDC and the DMAC. The MFDC supports 15 
separate commands. The MFD Interface supports up to 3 devices 
(2 are supported in the ROM BIOS). 
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Parallel Printer Interface 


The parallel printer interface provides a Centronics-like parallel 
interface for connecting a printer. Access is made through the 
rear panel of the System Module. A printer can be any one of the 
following: 


@ Letter Quality—AT&T 457 Printer 
@ Dot Matrix—AT&T 473 Printer 


@ Most IBM PC/XT compatible printers. 


Serial Communication Interface 


The PC 6300 PLUS has an asynchronous EIA RS232C serial 
channel for serial communications. The chip used is the National 
Semiconductor Corporation (NSC) 8250. The RS232C connector is 
located on the Motherboard and access is made through the rear 
panel of the System Module. 


Multi-Master Interface (MMI) 


System control can be extended through an interface known as the 
Multi-Master Interface (MMI). Through the MMI, an external card 
can extend the interrupts available to the system, extend the DMA 
channels available to the system, or take over the entire system as 
an alternate processor. The MMI provides for substantial external 
control and flexibility to the system for applications when such 
control is needed. 
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Bus Expansion Interface 


The PC 6300 PLUS’s system bus is divided into two groups of 
signals: the Basic Bus and the Extended Bus. The Basic Bus 
includes all of the signals in the same physical arrangement as the 
system bus made popular by the IBM PC/XT. The Extended Bus 
includes an extended 16-bit data bus, an extended address bus, and 
bus control signals. 


Input/Output (I/O) Port Select Logic 


The I/O Port Select Logic are address decoders used to generate 
chip select signals from address bits AO through A13. This 
decoding is performed in several stages on the Motherboard. 


Interrupt Controller 


Hardware interrupts are asynchronous events requiring CPU 
attention and are generally initiated by peripheral devices 
requiring service. The CPU normally executes its main program 
until an interrupt request occurs. On receipt of an interrupt 
request, the CPU completes the instruction being executed, saves 
its current state (instruction pointer, code segment, and flags) and 
fetches a new routine to service the interrupting device. Once the 
interrupting device has been serviced, the CPU resumes its main 
program at the point where it was interrupted. 


The Motherboard has circuitry for nine interrupts in all, eight 
maskable interrupts and one nonmaskable interrupt. Additional 
system interrupts can be supported by cascading additional 
interrupt controllers through the MMI. The nonmaskable 
interrupt has priority over all of the maskable interrupts. The 
maskable interrupts have a specific priority level assigned to each 
of them. The Interrupt Controller handles the priority of the 
maskable interrupts. It functions as an overall manager in the 
interrupt-driven system to establish priority levels for interrupts. 
The Interrupt Controller used is the Intel 8259A. 
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Timer 


The Timer, Intel 8254A, is a programmable device that has three 
independent channels, i.e, channels 0, 1, and 2. Channel 0 is used 
for a system clock. Channel 1 is used to time and request refresh 
cycles from the DMA channel. Channel 2 is used to support the 
audio speaker’s tone generator. 


Real-Time Clock and Calendar 


A clock-calendar chip, National Semiconductor MM58274AN, is 
used to provide real time in seconds, minutes, hours, days, day of 
week, months, and years. A 3-volt, low-power, standby, 
rechargeable battery is connected to ensure that the clock keeps 
time when the system is turned off. 
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Real-Mode Virtualization Hardware 


The system can operate either in the “real” mode, in the 
“protected” mode, or in a “combined” mode which switches back- 
and-forth between the real and protected modes. The real-mode 
virtualization hardware allows real-mode software to operate in a 
protected fashion by virtualizing I/O and memory operations. The 
virtualization hardware includes the following: 


Time-slice and sanity timer 

Program-controlled reset to the CPU and co-processor 
I/O Protection and trap logic 

Memory protection table and protection logic 

Video address translation logic 


Miscellaneous protection status registers. 
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Bus Expansion Board 


The Bus Expansion Board (Figure 1-6) allows the user to interface 
to 16-bit and 8-bit expansion boards. The Bus Expansion Board 
plugs into the Display Controller Board, one plane above the 
Motherboard. The Bus Expansion Board has two sets of 
connectors: 


@ Three 38-pin connectors to handle signals used by 16-bit AT&T 
Personal Computer 6300 (PC 6300) compatible expansion 
boards 


@ Seven 62-pin connectors to handle signals used by both 16-bit 
expansion boards and 8-bit, IBM PC/XT and PC 6300 
compatible, expansion boards. 


SINGLE EXPANSION SLOTS 


DUAL EXPANSION SLOTS 


DISPLAY CONTROLLER CONNECTORS yp 


Figure 1-6. Bus Expansion Board 
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As shown in Figure 1-6, the connectors are arranged in seven rows. 
Three of the rows have both a 38-pin and a 62-pin connector in the 
row. These three rows are used to connect the PC 6300 compatible 
16-bit expansion boards to the system and are referred to as 
dual-connector expansion slots. Figure 1-6 also shows that there 
are four remaining rows with one 62-pin connector. These four 
expansion slots plus the three 16-bit slots are used to install 8-bit 
IBM PC/XT and PC 6300 compatible boards and are referred to as 
single-connector expansion slots. The following is a list of some of 
the boards that can be interfaced through the Bus Expansion 
Board: 


@ Display Enhancement Board (DEB) 

@ Hard Disk Unit Controller (HDC) Board 
@ Communications Manager Board 

@ IEEE 488 Interface Board* 

@ Serial Communication Board* 

@ Omninet Transporter Board* 

@ Ethernet Transporter Board*. 


@ STARLAN Local Area Network Board*. 


Note: Each 8-bit expansion slot can be converted into 
a 16-bit slot by soldering in a 38-pin connector. 


* Not discussed in this Reference Guide. 
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Display Controller Board 


The Display Controller provides the interface between the display 
and the hardware associated with the generation of graphics and 
text. The Display Controller Board supports Monochrome (green 
on black background) and Color Displays. The Display Controller 
has four female connectors (Figure 1-7) and is attached in an 
upright, or perpendicular, fashion to the Motherboard by the two 
lower connectors (J1 and J2). The upper connectors are connected 
to the Bus Expansion Board. 
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Figure 1-7. Display Controller 
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The Display Controller has two basic modes of operation: 
Alphanumeric (A/N) and All Points Addressable (APA) graphics 
(with additional modes available within each of these). The 
Display Controller contains 32K bytes of arbitrated RAM for use 
as video refresh memory. The Display Controller uses a Motorola 
6845 CRT controller that operates at either 24 MHz or 12 MHz, 
depending on the mode and resolution selected. 


Alphanumeric (A/N) Mode 


In the Alphanumeric mode, the display can be operated either in a 
40-column by 25-row mode, or in an 80-column by 25-row mode. In 
the 40 x 25 mode, character cell size is 16 dots. (pixels) by 16 dots 
(pixels). In the 80 x 25 mode, character cell size is 8 dots by 16 
dots. 


Note 1: With the 80-column by 25-row mode, eight screen 
pages of memory are available. Whereas with the 
40-column by 25-row mode, sixteen screen pages of memory 
are available. 


Note 2: Reverse video, blinking, highlighting, hiding, 
underlining, and a hardware cursor are available in the 
alphanumeric mode. 


a 
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All Points Addressable (APA) Mode 


In the graphics mode, three resolutions are available: 


@ 640 by 400 pixels monochrome graphics mode: In this 
mode with a Monochrome Display, the background color is 
always black while the foreground color can be selected from a 
palette of sixteen shades of green. With a Color Display, the 
foreground color is selected from a palette of 16 colors. One 
screen page of memory is available. 


@ 640 by 200 pixels monochrome graphics mode: This 
mode is similar to the 640 by 400 pixels monochrome graphics 
mode. Two screen pages of memory are available. 


@ 320 by 200 pixels color graphics mode: This mode allows 
four colors to be displayed simultaneously. The background 
color may be selected from a palette of sixteen colors, or 
shades of green, while the foreground color may be selected 
from one of two palettes, each containing three colors, or 
shades of green. Two screen pages of memory are available. 
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Display Enhancement Board (DEB)—Optional 


The optional DEB provides additional operating modes when used 
in conjunction with the Display Controller Board. The main 
features provided by the DEB are: 


1 Three additional 640 x 400 pixel bit planes—higher resolution 
with 16 colors 


2 Two new graphics modes that support up to 16,536 
colors/patterns: 


@ 640 x 400 pixels color graphics—16 colors on screen 
(16 shades of green on monochrome display) 


@ 640 x 200 pixels color graphics—16 colors on screen 
(16 shades of green on monochrome display) 


3  Software-controlled color look-up table: 
@ Maps bit planes to 16-color palettes—allowing color cycling 
@ Supports 4 blink rates in hardware 
@ Supports dithering in hardware 


@ Supports pattern and texture fills for adding dimension to 
mechanical drawings 
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4 Simultaneous display of characters and graphics 


5 Simultaneous use of either a Monochrome and Color Display or 
two Color Displays (The System Module Power Supply will not 
support the simultaneous use of two Monochrome Displays.) 


6 Compatibility between the DEB (in the transparent mode) and 
the IBM PC/XT graphics software. 


The DEB plugs into one of the dual-row expansion slots on the Bus 
Expansion Board. It is connected to the Display Controller Board 
by a ribbon cable. 
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Magnetic Peripherals 


Mini-Floppy Disk (MFD) Drives 


In one of its configurations, the PC 6300 PLUS is provided with a 
5.25-inch, 360K-byte and 1.2M-byte MFD (Figure 1-8). The 
1.2M-byte MFD, or diskette drive, is typically installed in the 
Drive A position of the System Module. In addition, a second 
MFD, can be installed in the upper drive position (B position) of 
the System Module. Interfacing for the MFDs is provided on the 
Motherboard. 


The MFDs have an Indicator (LED) which is lighted when that 
particular disk is being accessed. The MFDs also have a lever that 
permits access to the MFD drive. 
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Figure 1-8. Typical Mini-Floppy Disk Unit (MFD) 
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Hard Disk Unit (HDU) 


A 20M-byte Hard Disk Unit (HDU) can be installed in the System 
Module in place of a second MFD. This configuration requires 
installation of a Hard Disk Unit Controller (HDC) Board. The 
HDU (Figure 1-9) is a random access, 5.25-inch storage device with 
two nonremovable disks as storage media. Each disk surface has 
one movable head to service 612 data tracks. This HDU has the 
same physical size and identical mounting configuration as the 
MFD. It also uses the same de voltages as the MFD. 


Figure 1-9. Typical Hard Disk Unit (HDU) 
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Hard Disk Unit Controller (HDC)—HDU Model 
Only 


When a HDU is added, a HDU Controller (HDC) must be installed 
to interface the HDU with the CPU (Figure 1-10). The HDC is a 
circuit board that plugs into one of the 8-bit expansion slots on the 
Bus Expansion Board and is attached to the HDU with two ribbon 
cables. It will support up to 2 HDUs. 
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Figure 1-10. Hard Disk Unit Controller (HDC) 
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Communications Manager Board—Optional 
The Communications Manager Interface is a multiple-speed, 
intelligent voice/data modem that plugs into one of the 8-bit 
expansion slots on the Bus Expansion Board. This modem is 
designed for half or full duplex data transmission applications over 
the Public Switched Network and operates at either 300 or 1200 
baud. It is compatible with existing 212A-type modems and may 


be configured for either single- or two-line operation. Some of the 
features include: 


@ Single button dialing of voice and data calls 

@ 200 entry call directory 

@ Touch-tone or pulse dialing 

@ Speaker for call monitoring 

@ Call progress tone detector 

@ Ring detection with auto-answer on user-specified ring count 


@ Context switch software allows the Communications Manager 
to run while MS-DOS application programs are running. 


Power Supply 


The Power Supply is the metal box found at the rear of the System 
Module between the Drives (A and/or B) and the fan. It provides 
the correct de voltages for all the logic circuits, the magnetic 
peripherals, and the Monochrome Display. 


—— 
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Display, Keyboard, and Mouse 


Monochrome Display 


The Monochrome Display (Figure 1-11) has a green foreground on 
a black background and is attached to the System Module with a 
cable that serves as a signal and power cable. The Monochrome 
Display can either sit on top of the System Module or on a nearby 
table top or desk. This Display comes with a 12-inch screen that 
has both brightness and contrast adjustment controls that are 
easily accessible to the operator. 
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Figure 1-11. Monochrome Display 
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Color Display—Optional 


The Color Display (Figure 1-12) is attached to the System Module 
with two cables: a signal cable and a power cable. The Color 
Display can sit either on top of the System Module or on a nearby 
table top or desk. The Color Display can display up to 16 different 
colors with the red, green, and blue video signals (and intensity) 
independent of each other. 


Figure 1-12. Color Display 
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Keyboard (Model 302 or 301) 


Both Keyboards have three different operating positions: level or 
tilted at 4 or 8 degrees. The Model 302 Keyboard (Figure 1-13) 
includes a standard alphanumeric keyset, 10 function keys on the 
top, and 17 numeric keys on the right-hand side. The Model 301 
Keyboard (Figure 1-14) includes a standard alphanumeric keyset, 
10 function keys on the left-hand side, and 15 numeric keys on the 
right-hand side. Both Keyboards also support a Mouse interface. 


Each Keyboard is connected to the rear of the System Module by 
its cable. The cable has five wires: +12 V de, two ground, and two 
bidirectional signal lines. It is approximately 6 feet long and is 
coiled like a telephone handset cord. The cable allows the 
Keyboard to be placed apart from the System Module or placed 
against the System Module without restricting access to the MFDs. 


Figure 1-13. Keyboard—Model 302 
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Figure 1-14. Keyboard—Model 301 
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Mouse—Optional 


At the back of the Keyboard is a jack for connecting the Mouse. 
(The jack is located under a cover.) The Mouse (Figure 1-15) is an 
interactive input device for graphics and text manipulation on an 
alphanumeric screen. The mechanical Mouse encodes and 
transfers to the system the distance and direction that it is moved 
along a smooth surface plane. The two (or three) buttons on the 
Mouse and a motion sensor are used to trigger a particular action 
in the Keyboard controller. 


Figure 1-15. Mouse 
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General 


The Motherboard hardware includes the following three major 
functional blocks: 


@ Central Processing Unit (CPU)/Direct Memory Access (DMA) 
Circuitry 


@ Random Access Memory (RAM)/Read-Only Memory (ROM) 
@ Input/Output (I/O) Interfaces. 


Figure 2-1 shows the Large-Scale Integrated (LSI) Chip and 
interface connector locations on the Motherboard. Figure 2-2 
(2 sheets) shows a block diagram of the Motherboard. 
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NUMERIC PROCESSOR 


1 CENTRAL PROCESSING UNIT 13 
(INTEL 80286) EXTENSION (INTEL 80287) 
2 - SERIAL COMMUNICATIONS 14 - P2 CONNECTOR (MFD) 
INTERFACE (INTEL 8250) 15 - J6 CONNECTOR (KEYBOARD) 
3 - BANK 1 RAM 16 - J4 CONNECTOR (PRINTER) 
4 - BANK 2 RAM 17 ~ J3 CONNECTOR (SERIAL) 
5 - HIGH (O0D)-BYTE ROM 18 - J2 CONNECTOR (BBC) 
6 - LOW (EVEN)-BYTE ROM 19 - J1 CONNECTOR (EBC) 
7 ~ DIRECT MEMORY ACCESS 20 - J8 CONNECTOR (MMI) 
CONTROLLER (INTEL 8237) - 21 - DSW2 
MAY BE ON DAUGHTERBOARD 22 - DSWI 
8 - INTERRUPT CONTROLLER 23 - FAN 
(INTEL 8253) 24 - SPEAKER 
g - MINI-FLOPPY DISK 
CONTROLLER (#PD765A) 
10 - KEYBOARD CONTROLLER 
(INTEL 8041) 
11 - TIMER (INTEL 8254) 
12 - BUS CONTROLLER 


(INTEL 82288) 


Figure 2-1. Motherboard—LSI Chip and Interface 
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Figure 2-2. Motherboard Block Diagram (Sheet 1 of 2) 
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Figure 2-2. Motherboard Block Diagram (Sheet 2 of 2) 
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Motherboard 


Central Processing Unit (CPU)/Direct Memory 
Access (DMA) Circuitry 


Central 
Processing Unit 
(CPU) 


Numeric 
Processor 
Extension (NPX) 


Clock Generator 


Video Address 
Translation 
Circuit 


CPU Address 
Latches 


The CPU is a 16/24-bit microprocessor chip 
that contains the arithmetic and logic 
circuits necessary for extracting and 
executing program instructions in memory. 
The microprocessor used is the Intel 80286 
which runs at a frequency of 6 MHz with 
zero wait states. The Intel 80286 is a high- 
performance microprocessor which is 
particularly well suited to multitasking 
operating environments. It supports a 
physical address space of 16M bytes and a 
virtual address space of 1G (Giga) byte per 
task. 


The NPX, the Intel 80287, is a 16-bit 
numeric processor extension that adds the 
instructions and data types needed for high 
performance. The NPX is available as an 
option. 


The Clock Generator chip, Intel 82284, is a 
single-chip clock generator/driver which 
supplies the system clock for the CPU. 


This circuitry consists of a ROM which, 
when enabled, relocates memory access to 
system video memory elsewhere in the CPU 
address space. 


The CPU address is latched when the Bus 
Controller Address Latch Enable (ALE) 
signal is received by the CPU Address 
Latches. 
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Bus Controller 


Bus Arbiter 
Circuitry 


Direct Memory 
Access 
Controller 
(DMAC) 


DMA Address 
Latches 


DMAC 
Bidirectional 
Buffers 


DMA Segment 
Registers 


The Bus Controller, Intel 82288, uses the 
status outputs from the CPU to generate 
and buffer control signals. 


This circuitry arbitrates among the three 
system bus masters to access the system 
bus. The three system bus masters are 
CPU, DMAC, and the optional Multi-Master 
Interface (MMI). The main component of 
this circuitry is the Programmable Array 
Logic (PAL). 


The DMAC, Intel 8237A, allows external 
I/O devices to transfer information directly 
to/from RAM. 


The DMA Address Latches interface the 
DMAC to the system. 


The DMAC Bidirectional Buffers provide 
additional drivers for the signals that are 
sent to the I/O connectors from the Bus 
Controller or from the DMAC when the 
DMA is in control. 


Two DMA Segment Registers, 4-by-4 
register files, permit the DMAC to address 
up to 16M bytes of memory, i-e., provide 
address bits LA16 through LA23. 


General 


Motherboard 


Random Access Memory (RAM)/Read-Only 
Memory (ROM) 


RAM Timing The RAM Timing Circuits provide all the 

Circuits timing signals necessary to address 
memory and control the transfer of data or 
instructions to and from memory. 


RAM Address The RAM Address Multiplexer is made up 

Multiplexer of 2:1 data selectors configured to select the 
appropriate address bits during row and 
column address strobes. 


Random Access RAM is a volatile, or dynamic, memory 

Memory (RAM) which stores the Operating System and all 
user data programs. Information stored in 
RAM may be altered. The PC 6300 PLUS 
uses 256K 1-bit dynamic RAM chips 
(optionally 64K 1-bit dynamic RAM chips). 
Up to 1M bytes of the total memory can 
reside on the Motherboard. When the 
Motherboard is populated with 1M bytes of 
RAM, the first 640K bytes are located from 
address 000000 hex to O9FFFF hex and the 
remaining 384K bytes are located from 
FA0000 hex to FFFFFF hex. The last 384K 
bytes are accessible in the protected mode 
only. 
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RAM Parity 
Generator and 
Checker 


Read-Only 
Memory (ROM) 


Motherboard 


The RAM Parity Generator and Checker 
circuit generates a parity bit that is read 
back and checked against data to see if 
there is an error. If an error is detected, 
the parity error flip-flop is set and a CPU 
Non-Maskable Interrupt (NMI) is 
generated. The NMI is reserved for events 
that must be serviced immediately. 


The ROM stores the power-up diagnostics 
and bootstrap. It is a non-volatile memory 
and its capacity is 32K bytes. (Optionally, 
there may be 64K bytes of ROM.) 


General 


Motherboard 


System Memory The following table shows the memory 

Address Map address assignments of the system. The 
total memory address space is 16M bytes. 
For more detailed memory maps, see the 
System Programmer’s Guide. 


s 7 Comment eel 
000000 128K RAM 640K RAM 
BANK 1 256K RAM BANK 1 
2% O1FFFF (64K Bit) BANK 1 (64K Bit) 
1] (64K Bit) 512K RAM | BA} 
020000 BANK 2 BANK 1 (256K Bit) 
| (64K Bit) (256K Bit) or 
O3FFFF BANK 1 
256 (256K Bit) 
040000 BANK 2 
(64K Bit) 
O7FFFF or 
S12 BANK 1 
080000 (256K Bit) 
BANK 2 
(otto |_OSERFE (256K Bit) 
0A0000 | 96K Bytes Reserved—Optional Display Enhancement 
Board Video Memory 
2, |_OBIFFE 
9 ‘0B8000 
32K Bytes—Display Controller Board Video Memory 
7 OBFFFF 
‘© * F~9coo00 
| 192K Bytes ROM—Reserved for Expansion and Control 
eyo -OBFFFE 
he OF 0000 
64K Bytes—Boot ROM 
qo\\ |_ORFFFF 
{2 100000 | Reserved for Memory Expansion Boards—RAM 
| (14M bytes + 640K bytes) 
F9FFFF 


FA0000 384K RAM (Accessible in Protected Mode Only) 
| BANK 1 (256K Bit) 
FFFFFF BANK 2 (256K Bit) 


ee 
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Input/Output (I/O) Interface Circuitry 


CPU and DMA 
Wait Logic 


Bus Converter 


Input/Output 
(I/O) Decoder 


I/O Protection 
and Trap FIFO 
(First-In, First- 
Out) 


Interrupt 
Control Logic 


Clock Calendar 
Chip 


Each processor bus cycle consists of a 
number of clock cycles. In the event of a 
NOT READY indication being given by 
the addressed device, WAIT states 
(additional To) are inserted. The WAIT 
states are inserted by the CPU as requested 
by the Wait Logic. These circuits insert the 
exact number of WAIT states needed for all 
devices. For DMA cycles, one WAIT state 
is automatically inserted. 


Bus Converter (bus timing conversion) 
circuitry is provided which converts the 
16-bit Intel 80286 bus signals to 8-bit 
versions which are compatible with the 
IBM PC/XT bus definitions. 


The I/O Decoder circuitry is used as the 
Motherboard I/O address decoders. 


Circuitry which implements some of the 
real-mode virtualization functions. 


The Interrupt Control logic, Intel 8259A, 
handles the priority interrupts sent to the 
CPU. It functions as an overall manager 
for interrupts. 


The Clock Calendar chip provides the 
system with real-time, i.e. seconds, 
minutes, hours, day of week, date and 
month. 


General 
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Parallel Printer 
Interface 


Serial 
Controller 


Timer 


Mini-Floppy 
Disk Unit 
Controller 
(MFDC) 


Keyboard 
Controller 


Time Slice and 
Sanity Timer 


A Centronics-Like Parallel Interface is used 
to interface the PC 6300 PLUS to a printer. 


An RS232C serial asynchronous interface 
used to interface the system to a serial 
device. 


The Timer (Intel 8254) is a programmable 
device used to provide a time base, to time 
and request refresh cycles for the DMA 
channel, and to provide the tone generator 
for the audio speaker. 


The MFDC, »PD765A, provides all the logic 
and control necessary to control and record 
data onto, or read from the 5.25-inch MFDs. 
It also controls formatting new diskettes. 


The Keyboard Controller, Intel 8041A, 
converts the system parallel data to serial 
data for the keyboard and vice versa. 


This counter timer chip provides a general 
purpose clock input to the interrupt 
controller as well as a sanity timer 
function. 


General 


Motherboard 


Motherboard Bus Architecture 


a 


The Motherboard comprises a number of functional blocks, all 
connected on a common control and address bus (Figure 2-3). All 
signals in the system can be grouped into the address, data, and 
control buses. The address bus is driven either by the CPU or the 
DMA. The CPU address bus is designated by AAO—AA23. After 
the address bus is latched, the address bus is labelled as LAO— 
LA23. The latched address bus, LAQ—LA23, drives the entire 
system. These lines can also be driven by the DMA or the external 
bus master using the Multi-Master Interface (MMI). 


The CPU can operate in either of two modes: the real-address 
mode or the protected mode. In the real-address mode, similar to 
Intel 8086 operation, only 1M bytes of memory address space is 
accessible to the CPU. Hence, LAO to LA19 are valid. The 
hardware actually forces LA20—LA23 to a LOW state (logic 0) 
when the Intel 80286 is in the real-address mode. In the protected 
mode, the entire 16M bytes of address space is usable. 


The data bus lines from the CPU are labeled DD0O—DD15. To 
accommodate AT&T Personal Computer 6300 (PC 6300) and IBM 
PC/XT compatible 8-bit I/O cards, bus converter circuitry sends 
the even and odd halves of the data bus to the 8-bit data bus 
labeled as LDO—LD7. The bus converter circuitry also converts 
word accesses into two successive bus accesses in the 8-bit channel 
(the 62-pin connector). When a 16-bit I/O card is being accessed, 
the data lines LDO—LD7 contain the lower 8 bits of data and 
D8—D15 contain the upper 8-bits of data. An I/O card that can 
utilize the 16-bit bus has to identify itself by sending a -16BCH 
signal to the Motherboard. 


Some of the 8-bit I/O devices, such as the DMAC, do not allow 
word operations because of timing requirements. All on-board 
8-bit I/O devices are driven by SDO—SD7 (an 8-bit bus derived by 
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buffering LDO—LD7). A separate, write-only SD0’—SD7’ bus is 
derived from LD0—LD7 for use with some latches. 


The control bus is a combination of all control signals such as 
memory read, memory write, I/O read, I/O write, ete. For the I/O 
expansion, there are two sets of control signals. Some appear on a 
62-pin basic bus connector (BBC) and some on a 38-pin extended 
bus connector (EBC). See Chapter 3, Bus Expansion 
Interface for details about interfacing the system bus. 
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Figure 2-3. Motherboard Bus Architecture 
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CPU 


The CPU, Intel 80286, is the heart of the Motherboard. The 
function of the CPU is to extract program instructions from 
memory and execute them. The CPU is a 6 MHz, 16/24-bit 
microprocessor which contains the arithmetic and logic circuits 
required for executing the program instructions resident in 
memory. Externally, there are additional logic address decoding, 
timing, and buffer elements which are necessary to address 
memory and to control data and instructions. 


The Intel 80286 CPU is upward compatible with Intel’s 8086, 8088, 
and 80186 CPUs and operates in two modes: the real-address mode 
and the protected-virtual-address mode. Both modes execute a 
superset of the Intel 8086 and 8088 instruction sets. In the real- 
address mode, programs can use up to one megabyte (1M) of 
address space. In the protected mode, the CPU (Intel 80286) 
automatically maps 1 gigabyte (1G) of virtual addresses into a 16- 
megabyte (16M) real-address space. This mode also provides 
memory protection to isolate the operating system and ensure 
privacy of each task’s programs and data. Both modes have access 
to the same base instruction set, registers, and addressing modes. 


Pin Assignments 


Figure 2-4 shows the pin configuration for the Intel 80286 CPU. A 
brief description of each pin follows: 
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Figure 2-4. Intel 80826 Pin Configuration 
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L Name and Function 


CLK 


‘System Clock—Provides the fundamental timing for 
the system. It is divided by two inside the CPU. The 
internal divide-by-two circuitry can be synchronized to 
an external clock generator by a LOW-to-HIGH 
transition on the RESET input. 


vo 


Data Bus—Inputs data during memory, I/O, and 
interrupt acknowledge read cycles; outputs data during 
memory and I/O write cycles. The data bus is active 
HIGH and floats to tri-state OFF during bus hold 
acknowledge. 


‘Address Bus— Outputs physical memory and 1/0 port 
addresses. A0 is LOW when data is to be transferred 
on pins D., AyyAy, are LOW during 1/0 transfers. 
The address bus is active HIGH and floats to tri-state 
OFF during bus hold acknowledge. 


-BHE 


Bus High Enable—Indicates transfer of data on the 
upper byte of the data bus, D,,,.. Eight-bit oriented 
devices assigned to the upper byte of the data bus would 
normally use -BHE to condition chip select functions. - 
BHE is active LOW and floats to tri-state OFF during 
bus hold acknowledge. 


-S1,-S0 


Bus Cycle Status—Indicates initiation of a bus cycle, 
and along with M/-IO and COD/-INTA, defines the type 
of bus cycle. The bus is in a T, state whenever one or 
both are LOW. -S1 and -SO are active LOW and float to 
tri-state OFF during bus hold acknowledge. 


M/-I0 


Memory/IO Select—Distinguishes memory access 
from I/O access. If HIGH during T., 2 memory cycle or 
a halt/shutdown cycle is in progress. If LOW, an 1/0 
cycle or an interrupt acknowledge cycle is in progress. 
M/-IO floats to tri-state OFF during bus hold 
acknowledge. 


COD/-INTA 


Code/Interrupt Acknowledge —Distinguishes 
instruction fetch cycles from memory data read cycles. 
Also distinguishes interrupt acknowledge cycles from 
1/0 cycles. COD/-INTA floats to tri-state OFF during 
bus hold acknowledge. 


-LOCK 


Bus Lock —Indicates that other system bus masters 
are not to gain control of the system bus following the 
current bus cycle. The -LOCK signal may be activated 
explicitly by the “LOCK” instruction prefix or 
automatically by CPU hardware during memory XCHG 
instructions, interrupt acknowledge, or descriptor table 
access. -LOCK is active LOW and floats to tri-state 
OFF during bus hold acknowledge. 
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Symbol 


Type Name and Function ] 


-READY 


1 


Bus Ready—Terminates a bus cycle. Bus cycles are 
extended without limit until terminated by -READY 
LOW. -READY is an active LOW synchronous input 
requiring setup and hold times relative to the system 
clock be met for correct operation. -READY is ignored 
during bus hold acknowledge. 


HOLD and 
HLDA 


Bus Hold Request and Hold Acknowledge— 
Control ownership of the CPU local bus. The HOLD 
input allows another local bus master to request control 
of the local bus. When control is granted, the CPU will 
float its bus drivers to tri-state OFF and then activate 
HLDA, thus entering the bus hold acknowledge 
condition. The local bus will remain granted to the 
requesting master until HOLD becomes inactive which 
results in the CPU deactivating HLDA and regaining 
control of the local bus. This terminates the bus hold 
acknowledge condition. HOLD may be asynchronous to 
the system clock. These signals are active HIGH. 


Interrupt Request—Requests the CPU to suspend its 
current program execution and service a pending 
external request. Interrupt requests are masked 
whenever the interrupt enable bit in the flag word is 
cleared. When the CPU responds to an interrupt 
request, it performs two interrupt acknowledge bus 
cycles to read an 8-bit interrupt vector that identifies 
the source of the interrupt. To assure program 
interruption, INTR must remain active until the first 
interrupt acknowledge cycle is completed. INTR is 
sampled at the beginning of each processor cycle and 
must be active HIGH at least two processor cycles 
before the current instruction ends in order to interrupt 
before the next instruction. INTR is level sensitive, 
active HIGH. 


NMI 


Non-maskable Interrupt Request— Interrupts the 
CPU with an internally supplied vector value of 2. No 
interrupt acknowledge cycles are performed. The 
interrupt enable bit in the CPU flag word does not 
affect this input. The NMI input is active HIGH, may 
be asynchronous to the system clock, and is edge 
triggered after internal synchronization. For proper 
recognition, the input must have been previously LOW 
for at least four system clock cycles and remain HIGH 
for at least four system clock cycles. 
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Symbol 


Name and Function 


PEREQ 
and 
-PEACK 


Processor Extension Operand Request and 
Acknowledge—Extend the memory management and 
protection capabilities of the CPU to processor extensions. 
The PEREQ input requests the CPU to perform a data 
operand transfer for a processor extension. The -PEAK 
output signals the NPX when the requested operand is 
being transferred. PEREQ is active HIGH and floats to 
tri-state OFF during bus hold acknowledge. -PEACK may 
be asynchronous to the system clock. -PEACK is active 
LOW. 


-BUSY 
and 
-ERROR 


Processor Extension Busy and Error—Indicates the 
operating condition of a processor extension to the CPU. 
An active -BUSY input stops CPU program execution on 
WAIT and some ESC instructions until -BUSY becomes 
inactive (HIGH). The CPU may be interrupted while 
waiting for -BUSY to become inactive. An active -ERROR 
input causes the CPU to perform a processor extension 
interrupt when executing WAIT or some ESC instructions. 
These inputs are active LOW. 


RESET 


System Reset—Clears the internal logic of the CPU and 
is active HIGH. The CPU may be reinitialized at any time 
with a LOW to HIGH transition on RESET which remains 
active for more than 16 system clock cycles. 


System Ground—0 Volts. 


System Power—+5 Volt Power Supply. 


Substrate Filter Capacitor—A 0.047 uf + 20% 12 V. 
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Internal Functions 


The internal functions of the CPU are divided into four major 
units: 


@ Execution Unit (EU) 
@ Bus Unit (BU) 

@ Address Unit (AU) 

@ Instruction Unit (IU). 


These units, as shown in Figure 2-5, can interact directly but 
perform their functions separately. 


Execution Unit (EU) 


The EU performs the basic processing functions, as it contains the 
data registers and the arithmetic-logic unit (ALU). It accepts 
prefetched instructions from the BU and returns unrelocated 
operand addresses to it. It then receives memory operands via the 
BU, processes them, and passes the results to the BU for storage. 


Bus Unit (BU) 


The BU first prefetches instructions before they are required by 
the EU. It buffers them in a queue that can contain up to a 6-byte 
instruction stream (to wait for decoding and execution). The EU, 
therefore, does not need to wait for completion of a bus cycle 
before taking in a new instruction. The BU also gives the 
functions related to operand fetch and store, address relocation, 
and bus control processing. 
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Figure 2-5. Intel 80286 Functional Block Diagram 


Address Unit (AU) 


The CPU’s AU provides a 24-line address bus to access a byte or 
word in memory. However, only 20 address lines are active in the 
CPU’s real mode. The memory is logically organized as a linear 
array of 1M byte, addressed as 000000 to OFFFFF (hex). Each 
location is an 8-bit byte. Word (16-bit) operands consisting of 
consecutive bytes can fall on either even or odd address 
boundaries. The CPU provides two signals, -BHE and AQ, to select 
and enable an odd location, an even location, or both. (See the 
following table.) 


-BHE | AO Function 
0 0 | Whole word. 
0 1 | Upper byte from/to odd address. 
1 0 | Lower byte from/to even address. 
- 1 None. 


For address and data operands, the least significant byte of the 
word is stored in the lower valued address location and the most 
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significant byte in the next highest address location. The BU 
automatically performs the proper number of memory accesses— 
one if the word operand is on an even-byte boundary, and two if it 
is on an odd-byte boundary. Physically, the memory is organized 
as a high bank (D15-D8) and a low bank (D7-D0), which are 
addressed in parallel by the CPU’s address lines A23—A1. Byte 
data with even addresses is transferred on the D7—D0 bus lines 
while odd addressed byte data (AO high) is transferred on the 
D15-D8 bus lines. 


Instruction Unit (IU) 


All instructions that address operands in memory must specify the 
segment and the offset. For speed and compact instruction 
encoding, segment selectors are usually stored in the high-speed 
segment registers. An instruction need specify only the desired 
segment register and an offset in order to address a memory 
operand. Most instructions need not explicitly specify which 
segment register is used. The correct segment register is 
automatically chosen according to the rules of the following table. 


Memory Segment Implicit Segment 
Reference Register Selection 
Needed Used Rule 
Instructions Code (CS) | Automatic with instruction 
prefetch 
Stack Stack (SS) | All stack pushes and pops. Any 


memory reference which uses BP 
as a base register. 


Local Data Data (DS) | All data references except when 
relative to stack or string 
destination 

Extended (Global) | Extra (ES) | Alternate data segment and 

Data destination of string operation 


These rules follow the way programs are written (Figure 2-6), i.e., 
as independent modules that require areas for code and data, a 
stack, and access to external data areas. Special segment override 
instruction prefixes allow the implicit segment register selection 
rules to be overridden for special cases. The stack, data, and extra 
segments may coincide for simple programs. To access operands 
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not residing in one of the four immediately available segments, a 
full 32-bit pointer or a new segment selector must be loaded. 


MODULE A 
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Figure 2-6. Segmented Memory—Structured Software 
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Numeric Processor Extension (NPX)—Optional 


The Intel 80287 Numeric Processor Extension (NPX) provides 
arithmetic instructions for a variety of numeric data types in the 
PC 6300 PLUS. It also executes numerous built-in transcendental 
functions, e.g., tangent and log functions. The Intel 80287 executes 
instructions in parallel with a Intel 80286. It effectively extends 
the registers and instruction set of an Intel 80286 system for 
existing Intel 80286 data types and adds several new data types as 
well. Essentially, the Intel 80287 can be treated as an additional 
resource or an extension to the Intel 80286 that can be used as a 
single unified system. 
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NPX Pin Functions 


The following table lists the pin descriptions for the Intel 80287 
(NPX). See Figure 2-7. 


St 
-so 
COD/-INTA 
NC 

p15 

D014 

013 

D12 

Yeo 

Vss 

011 

p10 

NC 


o3 


pg 
07 
0s 
D5 
D4 
03 


NOTE: 


VU 

a1 400 

2 33 

3 38 

4 370 

5 38 

6 35 

7 34 

8 33 
os 32 
Cro BRIE os 
ow. 309 

12 23 
C13 28 

14 270 

15 26 

16 25 

17 249 
qe 23 

19 22 
[J 20 21 


READY 
ckM 
HLDA 
CLK286 
-PEACK 
RESET 
-NPBI 
NPB2 
CLK 
cot 
Vss 
cmoo 
—NPWR 
-NPRD 
—ERROR 
-BUSY 
PEREQ 
oo 

ot 

b2 


NC PINS MUST NOT BE CONNECTED 


Figure 2-7. Intel 80287 Pin Configuration 
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Type | 


Name and Function 


Clock provides the basic timing for internal Intel S02: 
| operations. 


Clock Mode signal—Indicates whether CLK input is 
to be divided by 3 or used directly. A HIGH input will 
cause CLK to be used directly. This input is connected 
to Viz. 


RESET 


System Reset—Causes the Intel 80287 to immediately 
terminate its present activity and enter a dormant state. 
RESET is generated by power up, reset switch, or by 
program control. 


D15-D0 


vo 


Data—16-bit bidirectional data bus. Inputs to the: 
pins may be applied asynchronous to the Intel 80: 
clock. 


-BUSY 


Busy status—Asserted by the Intel 80287 to indicate 
that it is currently executing a command. 


-ERROR 


Error status—Reflects the ES bit of the status word. 
This signal indicates that an unmasked error condition 
exists. 


PEREQ 


Processor Extension Data Channel operand 
transfer request—A HIGH on this output indicates 
that the Intel 80287 is ready to transfer data. PEREQ 
will be disabled upon assertion of -PEAK or upon actual 
data transfer, whichever occurs first, if no more 
transfers are required. 


-PEACK 


Processor Extension Data Channel operand 
transfer ACKnowledge— Acknowledges that the 
request signal (PEREQ) has been recognized. Will cause 
the request (PEREQ) to be withdrawn in case there are 
no more transfers required. 


-NPRD 


Numeric Processor Read—Enables transfer of data 
from the Intel 80287, 


-NPWR 


Numeric Processor Write—Enables transfer of data 
to the Intel $0287. 
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Symbol] Tyne Name and Function 

-NPS1 I Numeric Processor Selects—Indicates the CPU is 

as performing an ESCAPE instruction. Concurrent 

NPS2 assertion of these signals (i.e., -NPS1 is LOW and NPS2 
is HIGH) enables the Intel 80287 to perform floating 
point instructions. No data transfers involving the Intel 
80287 will occur unless the device is selected via these 
lines. 

CMD1 1 | Command lines—These, along with select inputs, 

and allow the CPU to direct the operation of the Intel 80287. 

CMbo 

CLK286 1 | CPU Clock—This input provides a sampling edge for 
the Intel 80287 inputs -S1, -S0, COD/INTA, READY, and 
HLDA. It is connected to the Intel 80286 CLK input. 

-S1, -SO I Status—These inputs are connected to the 

and corresponding Intel 80286 pins. 

cob/- 

INTA 

HLDA I Hold Acknowledge—Informs the Intel 80287 when 
the Intel 80286 controls the local bus. It is connected to 
the Intel §0286 HLDA output. 

-READY T | Ready—The end of a bus cycle is signaled by this 
input. It is connected to the Intel 80286 -READY input. 

Vex 1__| System Ground. 

Vex T | +5 V Power Supply 


Internal Functions 


The NPX has two operating modes similar to the two modes of the 
CPU. When reset, NPX is in the real-address mode. It can be 
placed in the protected virtual-address mode by executing the 
SETPM ESC instruction. The NPX cannot be switched back to the 
real-address mode except by reset. Once in the protected mode, all 
references to memory for numerics data or status information obey 
the CPU’s memory management and protection rules giving a fully 
protected extension of the CPU. 
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As shown in Figure 2-8, the NPX is internally divided into two 
Processing elements, the Bus Interface Unit (BIU) and the Numeric 
Execution Unit (NEU). The NEU executes all numeric 
instructions, while the BIU receives and decodes instructions, 
requests operand transfers to and from memory and executes 
processor control instructions. The two units are able to operate 
independently of one another allowing the BIU to maintain 
asynchronous communication with the CPU while the NEU is busy 
processing a numeric instruction. 
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Figure 2-8. Intel 80287 Block Diagram 
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Bus Interface Unit (BIU) 


The BIU decodes the ESC instruction executed by the CPU. If the 
ESC code defines a math instruction, the BIU transmits the 
formatted instruction to the NEU. The parallel operation of the 
NPX with the CPU is normally transparent to the user. The BIU 
generates the -BUSY and -ERROR signals for CPU/NPX processor 
synchronization and error notification, respectively. 


The NPX executes a single numeric instruction at a time. When 
executing most ESC instructions, the CPU tests the -BUSY pin and 
waits until the NPX indicates that it is not busy before initiating 
the command. Once initiated, the CPU continues program 
execution while the NPX executes the ESC instruction. This 
synchronization is achieved by placing a WAIT instruction before 
an ESC instruction. For most ESC instructions, the CPU does not 
require a WAIT instruction before the ESC opcode. However, the 
CPU will operate correctly with these WAIT instructions. In all 
cases, a WAIT or ESC instruction should be inserted after any 
NPX store to memory (except FSTSW and FSTCW) or load from 
memory (except FLDENV or FRSTOR) before the CPU reads or 
changes the value to be sure the numeric value has already been 
written or read by the NPX. 


Data transfers between memory and the NPX, when needed, are 
controlled by the PEREQ, -PEACK, -NPRD, -NPWR, -NPS1, and 
NPS2 signals. The CPU does the actual data transfer with 
memory through its processor extension data channel. Numeric 
data transfers with memory performed by the CPU use the same 
timing as any other bus cycle. 
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Numeric Execution Unit (NEU) 


The NEU executes all instructions that involve the register stack; 
these include arithmetic, logical transcendental, constant and data 
transfer instructions. The data path in the NEU is 84 bits wide 
(68 significant bits, 15 exponent bits and a sign bit) which allows 
internal operand transfers to be performed at very high speeds. 


When the NEU begins executing an instruction, it activates the 
BIU -BUSY signal. This signal is used in conjunction with the 

CPU WAIT instruction or automatically with most of the ESC 

instructions to synchronize both processors. 


DMA Circuitry 


The main component of the DMA circuitry is the Intel 8237A DMA 
Controller (DMAC). The DMAC improves system performance by 
allowing I/O devices to directly transfer information to and from 
the system memory. This is necessary because blocks of data often 
have to be moved very rapidly. The DMA circuitry includes the 
following: 


@ DMA Controller (DMAC) 
@ DMA Segment Register 
@ DMA Control Buffer 

@ DMA Data Buffer 


@ DMA Address Latches. 
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Simple DMA Transfer 


When one or more DMA requests are active, the DMAC generates 
a Hold Request (HRQ). This Hold Request goes to the Bus Arbiter 
Logic which issues a HOLD signal to the CPU. The CPU, on 
recognizing HOLD, relinquishes the bus and generates a Hold 
Acknowledge (HOLDA). The bus arbiter logic then provides the 
DMA HOLD Acknowledge. At this point, the DMA is free to drive 
the address bus and the AEN and DACK signals. 


The DMAC generates high-order address bits and an address 
strobe. When these are latched, the low-order address bits are 
driven by the DMA chip. The two register files emit previously 
programmed LA17—LA23, thus providing all 24 address bits to 
enable access to the entire 16M bytes of memory space. 


The proper memory read (memory write) and I/O write (I/O read) 
signals are activated to facilitate the data transfer from memory 
(I/O device) to the I/O device (memory). The on-board DMA can 
only perform memory to I/O or I/O to memory transfers. The 
DMA does not actually deal with the data. Data appears on the 
bus as a result of the read operation (memory read or I/O read) 
and gets written into I/O or memory as a result of the write 
operation. The read operation always preceeds and the write cycle 
overlaps the read cycle to complete the data transfer. 


The on-board DMA has four channels. External DMACs can be 
added to the system using the Multi-Master Interface. 
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DMAC Functional Description 


The DMA Controller (DMAC) used on the PC 6300 PLUS is the 
Intel 8237A. Figure 2-9 is a block diagram of the DMAC. 


The DMAC has three basic blocks of control logic. 


] Timing Control Block—Generates internal timing and 
external control signals for the DMAC. 


2. Program Command Control Block—Decodes the various 
commands given to the DMAC by the CPU prior to servicing a 
DMA request. It also decodes the mode control word used to 
select the type of DMA during the servicing. 


3 Priority Encoder Block—Resolves priority contention 
between DMA channels requesting service simultaneously. 
Channel 0 has the highest priority and Channel 3 has the 
lowest priority. Channel 0 is used to refresh the system’s 
dynamic memory. One channel of the Timer is programmed to 
periodically request a dummy DMA transfer. This creates a 
memory-read cycle, which is available to refresh the dynamic 
memory on the Motherboard. Channels 1 and 3 are connected 
to the I/O expansion bus to support high-speed data transfer 
between I/O devices and memory. Channel 2 is dedicated to 
the Mini-Floppy Disk Unit Controller (MFDC) for transferring 
information to/from the MFD driver. 
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Figure 2-9. DMA Controller (Intel 8237A) Block Diagram 
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DMA Cycle States 


Each device cycle is made up of a number of states. The DMAC 
can assume seven separate states, each composed of one full clock 
period. They are: S}, So, S, Sy, Sg, Sy, and Ty. 


@ SS, (State I)—S, is the inactive state. It is entered when the 
DMAC has no valid DMA requests pending. While in the S; 
state, the DMAC is inactive but may be being programmed by 
the CPU. 


@ Sj (State 0)—S, is the first state of the DMA service. The S) 
state indicates that the DMAC has requested a hold, but the 
CPU has not yet returned an acknowledge. The DMAC may 
still be programmed until it receives HLDA (hold acknowledge) 
from the CPU. An acknowledge from the CPU indicates that 
DMA transfers may begin. 


@ S,,5,, Ss, and S, (States 1 through 4)—S, through S, are the 
working states of the DMA service. If more time is needed to 
complete a transfer than is available with normal timing, one 
Ty cycle must be inserted. This is automatically inserted by 
part of the CPU Wait Logic. 


@ Ty (WAIT State)—A Ty state is inserted between S, or S, 
and S, by the use of the READY line (DMARDY) on the 
DMAC. 


Note: Data is transferred directly from the I/O device to 
memory (or vice versa) with -MEMW and -IOR (or -MEMR 
and -IOW) being active at the same time. The data is not 
read into or driven out of the DMAC in I/O to memory or 
memory to I/O DMA transfers. The on-board DMA is 
capable of only byte transfers. 
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DMA Idle and Active Cycles 


The DMA is designed to operate in two major cycles—the idle 
cycle and the active cycle. 


Idle Cycle 


When no channel is requesting service, the DMAC enters the idle 
cycle. In this cycle, the DREQ lines are sampled every clock cycle 
to determine if any channel is requesting DMA service. When -CS 
is low and HLDA is low, the DMAC enters the program condition 
and addresses lines AQ to A3. The AO to A8 lines request the 
control register to be loaded or read. The -IOR and -IOW lines are 
used to select and to time reads or writes. 


Active Cycle 


When the DMAC is in the idle cycle and a channel requests a DMA 
service, the DMAC will output an HRQ and enter the active cycle. 
It is in the active cycle that the DMA service takes place. The 
active cycle has four modes: 


] Single-Transfer Mode: In the single-transfer mode, the 
device is programmed to make one transfer only. The word 
count is decremented and the address decremented or 
incremented following each transfer. When the word count 
“rolls over” from zero to FFFF hex, a Terminal Count (TC) 
will cause an “Autoinitialize” if the channel has been 
programmed to do so. 


2 DREQ Held Active: DREQ must be held active until DACK 
becomes active, in order to be recognized. If DREQ is held 
active throughout the single-transfer mode, HRQ will go 
inactive and release the bus to the system. It will go active 
again and, upon receipt of a new HLDA, another single 
transfer will be performed. 
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3 Block-Transfer Mode: In the block-transfer mode, the 
device is activated by DREQ to continue making transfers 
during the service until a TC is received. [The TC is caused by 
either the word count going to FFFF hex or an external -EOP 
(End of Process) being encountered.] DREQ need only be held 
active until DACK becomes active. Again, an autoinitialization 
will occur at the end of the service if the channel has been 
programmed for it. 


4 Demand-Transfer Mode: In the demand-transfer mode, the 
device is programmed to continue making transfers until a TC 
or external -EOP is encountered or until DREQ goes inactive. 
Thus, transfers may continue until the I/O device has 
exhausted its data capacity. After the I/O device has a chance 
to catch up, the DMA service is re-established by means of 
DREQ. During the time between services when the CPU is 
allowed to operate, the intermediate values of address and 
word count are stored in the DMAC current address and 
current word count registers. Only an -EOP can cause an 
autoinitialization at the end of the service. -EOP is generated 
either by TC or by an external signal. 
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Interrupt Control Logic 


Hardware interrupts are asynchronous events requiring CPU 
attention and are generally initiated by peripheral devices 
requiring service. The CPU is normally allowed to execute its 
main program until an interrupt request occurs. On receipt of an 
interrupt request, the CPU completes the instruction being 
executed, saves its current state (instruction pointer, code segment, 
and flags) and fetches a new routine to service the interrupting 
device. Once the interrupting device has been serviced, the CPU 
resumes its main program at the point where it was interrupted. 


The PC 6300 PLUS has nine interrupts in all: eight maskable 
priority interrupts and one Non-Maskable Interrupt (NMI). The 
descending order of priority for these interrupts and associated 
devices are listed in the following table: 


Interrupt Description 

NMI Non-Maskable Interrupt 

TRQO Generated by Timer channel 0 

IRQ Generated by the Keyboard Controller and the 
Time-Slice Timer 

IRQ2 Generated by a board in one of the expansion slots 

IRQ3 Generated by a board in one of the expansion slots 

IRQ4 Generated by the Serial Communication Controller 

IRQS Generated by a board in one of the expansion slots 
[used by optional Hard Disk Unit Controller (HDC)] 

IRQ6 Generated by the Mini-Floppy Disk Unit Controller (MFDC) 

IRQT Generated by the Parallel Printer Interface. 


The Non-Maskable Interrupt is handled by the NMI logic circuitry 
(Figure 2-10), while IRQO to IRQ7 are handled by the Intel 8259A 
Programmable Interrupt Controller (PIC) chip. 
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Figure 2-10. NMI Logic 


Non-Maskable Interrupt (NMI) 


The NMI has the highest priority. It is a hardware generated 
interrupt and is so called because the interrupt cannot be turned 
off by clearing the interrupt flag. In the PC 6300 PLUS, an NMI is 
generated by any of the following events: 


@ Memory Parity Error (signal PCK activates a sequence of 
events which generates an NMI) 
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@ NPX Interrupt (the signal -NPERROR activates a sequence of 
events which generates an NMI) 


@ Failures in one of the bus expansion boards (the signal 
-IOCHK) activates a sequence of events which generates an 
NMI 


@ An access is attempted to an I/O address which has been set in 
the I/O trap hardware table as protected. 


The NMI is edge-triggered into the CPU on a low-to-high 
transition. Any high-going transition of NMI is latched on the 
CPU chip and is serviced at the end of the current instruction or 
between whole moves of a block-type instruction. The low-going 
edge of NMI may occur before, during, or after the servicing of 
NMI. Another high-going edge triggers another response, if it 
occurs after the start of the NMI procedure. Note that a PAL is 
used to combine the possible sources of NMI and generate the NMI 
output for the CPU. 


Maskable Priority Interrupts 


The circuitry that handles the maskable priority interrupts (IRQO 
through IRQ7) is the Intel 8259A Programmable Interrupt 
Controller (PIC) chip. The PIC functions as an overall manager in 
the interrupt-driven system environment. Its function is to allow 
only one device through to the CPU at a time—taking into 
consideration that some devices have a higher priority than others. 
Figure 2-11 is a block diagram of the Intel 82594 Programmable 
Interrupt Controller. 
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Figure 2-11. Block Diagram of Programmable Interrupt 
Controller (PIC) 


Each I/O device has an interrupt line which runs to one of the 
eight interrupt lines of the PIC. The PIC can be programmed to 
ignore or to monitor any combination of these lines. This selection 
is determined via what is called the interrupt mask, a byte which 
is sent to the PIC by the CPU through a port (0020 hex) located in 
the I/O space. This port is known as the control port. The 8 bits 
in this mask correspond to the eight devices. To turn off 
interrupts from a device, one has merely to set the corresponding 
bit in the mask equal to one. Thus, the PIC will ignore all eight 
devices if a mask of FF hex is sent, and will respond to all of them 
if a mask of 00 hex is sent. 
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If two or more devices (which are not masked out) signal the PIC 
for service at the same time, the PIC determines which goes first 
according to several user-selectable schemes. These include a fixed 
priority and a rotating priority scheme. The devices not yet 
serviced wait their turn in a waiting area of which the PIC keeps 
track. When a device begins to be serviced, the PIC moves out of 
this waiting area into the working area. 


There is one interrupt line which runs from the PIC to the 
interrupt input line (INTR) on the CPU. When the CPU gets a 
request on this line, it sends an acknowledge signal on the 
interrupt acknowledge line (INTA). The PIC then sends a byte to 
the CPU telling it what type (location in the interrupt table) of 
interrupt should be executed. The value of the interrupt type is 
programmable. The eight devices are assigned eight consecutively 
numbered interrupt types, starting at any multiple of eight. 


Clock Generator 


The PC 6300 PLUS uses the Intel 82284 as the Clock Generator 
chip. This is used in conjunction with an oscillator to supply the 
timing for the entire system. Figure 2-12 is a block diagram of the 
Clock Generator. 
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Figure 2-12. Intel 82284 Clock Generator Diagram 


PCLK 


The CLK output provides the basic timing control for the system. 
CLK has output characteristics sufficient to drive MOS devices. 
The Clock Generator provides a second clock output (PCLK) for 
peripheral devices. PCLK is CLK divided by two. PCLK has a 
duty cycle of 50% and TTL output drive characteristics. PCLK is 
synchronized to the internal processor clock. 


After reset, the PCLK signal may be out of phase with the internal 
processor clock. The -S1 and -S0 signals of the first bus cycle are 
used to synchronize PCLK to the internal processor clock. The 
phase of the PCLK output changes by extending its HIGH time 
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beyond one system clock (see waveforms). PCLK is forced HIGH 
when either -S0 or -S1 is active (LOW) for two previous CLK 
cycles. PCLK continues to oscillate when both -S0 and -S1 are 
HIGH. Since the phase of the internal processor clock will not 
change except during reset, the phase of PCLK will not change 
except during the first bus cycle after reset. 


The Clock Generator is driven by a 12-MHz oscillator that provides 
a 12-MHz clock (CLK286) for use with the CPU and a 6-MHz clock 
for system use. The Clock Generator’s reset logic provides the 
RESET output to the CPU and the NPX. When the -RES input is 
active (LOW), the RESET output becomes active (HIGH). -RES is 
synchronized internally at the falling edge of CLK before 
generating the RESET output. Synchronization of the -RES input 
introduces a 1- or 2-CLK delay before affecting the RESET output. 


The Clock Generator accepts two ready sources for the system 
ready signal which terminates the current bus cycle. Either a 
synchronous (-SRDY) or asynchronous ready (-ARDY) source may 
be used. Each ready input has an enable (-SRDYEN and 
-ARDYEN) for selecting the type of ready source required to 
terminate the current bus cycle. The PC 6300 PLUS only uses the 
-SRDY (and -SRDYEN) signals to insert wait states. 


-READY is enabled (LOW), if -SRDY + -SRDYEN = 0 when 
sampled by the Intel 82284 -READY generation logic. -READY 
will remain active for at least two CLK cycles. 
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Bus Controller 


The Motherboard uses an Intel 82288 Bus Controller to control the 
various buses. This controller decodes the status output of the 
CPU in order to generate the bus command and control signals at 


the appropriate times. A block diagram of the Bus Controller is 
shown in Figure 2-13. 
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Figure 2-13. Intel 82288 Bus Controller Block Diagram 
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The type of bus cycle performed by the local bus master is encoded 
by the M/-I0, -S1, and -S0 inputs. Different command and control 
outputs are activated depending on the type of bus cycle. The 
following table lists the M/-IO, -S1, and -S0 signals and the 
corresponding bus cycles initiated by the local bus master. 


Type of 
MUO) | SE] 280 Bus Cycle 
0 0 0 | Interrupt Acknowledge 
0 ) 1 | 1/0 Read 
0 1 0 1/0 Write 
0 1 1 None; Idle 
1 0 0 Halt/Shutdown 
1 0 1 | Memory Read 
1 1 0 | Memory Write 
1 i 1 None; Idle 


The Bus Controller decodes the -S0, -S1, M/-IO signals to generate 
-INTA, ALE, -MRDC, -MWTC, -IORC, -IOWC, DEN, and DT/-R. 
Of these, DEN and DT/-R are not utilized. ALE becomes active 
with the falling edge of phase 2 during T, for one CLK286 cycle. 
At the beginning of To the -MWTC or -MRDC goes active. If it is 
an I/O cycle, the command is delayed by one CLK286 cycle. The 
following table summarizes the command and control outputs 
issued by the Bus Controller. See Figure 2-14. 


Command | DT/-R | ALE, DEN MCE 
M/-I0 | -S1 | -S0 | Activated | State | Issued? _| Issued] 
0 0 0 -INTA LOW YES YES 
o | o | 1 }| «orc | Low YES NO 
o | 1} 0 | «owe | HIGH} yes NO 
o fifa None | HIGH NO NO 
1 | 0 | 0 | None | HIGH No NO 
1 0 1 -MRDC LOW YES NO 
1 1 | o | -mwre | uicu | YES NO 
1 |i None __| HIGH NO NO 
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Figure 2+14, Bus Cycle Definition 
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CPU-Wait and DMA-Wait Logic 


The CPU-Wait Logic in the PC 6300 PLUS is responsible for 
generating wait states as required by the system. The number of 
wait states will vary from none to several as described below. 


For on-board RAM memory access, no wait states are added. For 
ROM or external memory on the 16-bit bus, one wait state is 
added. This added wait state may be defeated, however, by 
activating the -FAST signal on the EBC. For byte accesses on the 
8-bit bus, 4 wait states are added. For word access on the 8-bit 
bus, 8 wait states are added. However, these may be extended 
utilizing the IOCHRDY and ORDY signals. For wait-state 
generation, a PAL 20X8 and additional gates are used to generate 
the -SRDY signal which is sent to the Clock Generator. The Clock 
Generator in turn generates a -RDY signal which is sent to the 
CPU. The PAL 20X8 has 8 flip-flops, 4 of which form a counter. 
This counter gets loaded with 0011 (binary) at the beginning of 
each cycle that is signalled by ALE. This also activates -SRDY. 


When the counter reaches a pre-determined value (determined by 
bytes access or word access), the -SRDY signal goes active 
indicating the cycle can be terminated. Counting proceeds until 
-NRDY (IOCHRDY or ORDY) becomes active—stopping the 
counting and extending the cycle. This allows devices to control 
the number of wait states added. The minimum number of wait 
states added is fixed. The devices can increase the number of wait 
states added. Conversely, the number of default wait states added 
may be reduced by the use of the -FAST signal. See Figure 2-15 
for a diagram of the CPU-Wait Logic. 


For DMA cycles, one wait state is added for read and write 
accesses (except for refresh cycles). They can be further extended 
by using IOCHRDY or ORDY. See Figure 2-16 for a diagram of 
the DMA-Wait Logic. 
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Figure 2-16. DMA-Wait Logic Diagram 
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Random Access Memory (RAM) 


The Motherboard RAM memory is organized in such a way that it 
can be addressed as bytes, as well as words (2 bytes). It is divided 
in two banks; namely, Bank 1 and Bank 2. Each bank has a low- 
byte bank and a high-byte bank. In a typical configuration, the 
Motherboard has one bank equipped with 256K-bit RAMs to 
provide 512K x 9 of read/write memory. The second bank may 
also be equipped with 256K-bit RAMs to provide a total of 1M x 9 
of read/write memory (Figure 2-17). Optionally, 64K-bit chips 
may be used in either bank with proper care in setting the dip 
switches. 


Memory Control Logic 


The Memory Control Logic generates RASO through RAS3 when 
memory is being accessed. Simultaneously, the address will be 
decoded to determine if it is on-board RAM. If not, the cycle ends 
when -RAS ends. 


For on board RAM, -RAMEN is generated. At the same time, if it 
is a write cycle, a check is made to see if the access is allowed. For 
valid accesses, the appropriate CAS signal (or signals) is 
generated. A complete RAM access takes 330 ns. 
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Figure 2-17. Read/Write Memory Array 


When the CPU is accessing memory, M/-IO (equals 1) and ALE 
initiate a RAS cycle. This cycle lasts approximately 200 ns. The 
signals MUX and CAS are derived from this signal. MUX and 
CAS will appear whether or not it is a valid memory access. 
However, if it is not a valid cycle, the CAS signals at the RAM do 
not appear and no memory read or write takes place. 


If it is a valid cycle, the LAO and LBHE signals control which of 
the CAS signals are generated. If it is a byte access, one of the 4 
CAS signals is generated. For word accesses, two signals are 
generated, i.e., -CASO and -CAS1 or -CAS2 and -CAS3. 


The Change Bank Signal (CHNGBNK) is generated by the memory 
decode PAL when the address is above 512K. If Bank 0 of the 
Motherboard RAM is populated with 64K-bit chips, then the 


gy 
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CHNGBNK signal is generated when the address is above 128K. 
The CHNGBNK signal, along with LAO and -LBHE, aid in 
generating proper -CAS signals. 


Memory reads and writes occur when both the -RAS and -CAS 
signals are active. The memory data (MD0—MDI15) is buffered. 
The memory read signal controls the memory data buffer 
direction. 


Memory Refresh 


The Dynamic RAM requires refreshing periodically. A -RAS only 
refresh scheme is used to refresh memory. This is done by 
executing a dummy memory to I/O DMA cycle approximately once 
every 15us. For this purpose, channel 0 of the DMA is requested 
by the Timer (Intel 8254A) once every 15us. There is no I/O device 
connected to this DMA channel. When memory read occurs, A 
-RAS signal is sent to all RAMs. The low-order address bits 
generated by the DMA are used to refresh the RAM. During this 
cycle, no -CAS signals are generated, hence, the data remains 
unaltered. Since a certain number of refreshes must be 
maintained, the Timer channel or DMA channel used in refreshing 
the RAM should not be disturbed by any programs. 


In case of memory accesses by other devices other than the CPU, 
the memory read or memory write signals start the -RAS and 
-CAS chain. This is necessary due to the fact that the DMAC does 
not generate the ALE or M/-IO signals. 


Parity Generator and Checker 


Two parity generator checker devices are used to generate parity 
bits during memory-write cycles (Figure 2-18). These devices also 
check parity while reading the RAM. One device checks the low- 
order data bits and the other checks the high-order data bits. In 
byte accesses, only one will be active. The output of the parity 
generator/checkers are ORed and trigger a latch if parity error(s) 
occur. The latch then generates a non-maskable error. 


2-54 RAM/ROM 


Motherboard 


FROM RAM 
MP10 T |up 
Os PPE to an 
5 
2 
8 
2 UPAREN 
(UPPER PARITY ENABLE) 
ONBDRAM 
FROM RAM 7s bins 
2 
MPBO MPpI 
4 TO RAM 
—_. -|8 smroc] gy |_| Pk 
nop-no7 | 2 
0 -PARITYEN 
LPAREN 


(LOWER PARITY ENABLE) 


Figure 2-18. Parity Generator and Checker Circuit 


Read-Only Memory (ROM) 


Two 16K X 8 bit ROMs provide non-volatile memory for power-on 
initialization and boot strap programs. The maximum ROM area 
occupies the physical address 0F 0000 hex to OFFFFF hex. On 
reset, the Intel 80286 address bits will contain FFFFF0 hex, 
however, the system address leads LA23—LA20 are forced low. 
Therefore, system execution starts at OFFFFO hex. 
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I/O Port Select Logic 


The CPU, Intel 80286, has 64K I/O ports. However, only 16K of 
the port addresses can be used by the PC 6300 PLUS. See 
Figure 2-19. 
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Figure 2-19. I/O Port Map 
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4K of these ports can be protected/inhibited under software 
control. The first 1K of the ports are identical with the PC 6300 
and IBM PC/XT assignments. To avoid conflicts with PC 6300 and 
IBM PC/XT peripherals that do not decode more I/O address bits, 
control is provided to inhibit the I/O read and I/O write signals to 
the 62-pin BBC (J2) when accessing I/O port addresses above 1K 
bytes. Corresponding signals always appear on the 38-bit EBC 
(J1). The bus design rules must be followed in deciding which 
signals to use. 


An Integrated Fuse Logic (IFL) and a decoder are used to generate 
various chip selects for on board use. Several ports are reserved 
for PC 6300 compatibility. All of the ports used on the 
Motherboard are listed as follows. 


—— ea 
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Address _| Usage 


0000-000F Direct Memory Access Controller (DMAC), 8237A 
0020-0021 Interrupt Controller, 8259A 
0040-0043 Timer, 8254A 


0060 Keyboard Controller, 8041A. 

0061 Parity, IOCHK, Speaker, etc. 
0062 Parity, IOCHK Sources 

0063 NC 

0064 Keyboard Controller, 80414 

0065 -HILOCS (High-Low Chip Select) 
0066 System Configuration (DIPSW 2) 
0067 System Configuration (DIPSW 1) 


0070-007F Real-Time Clock 

0080-0083 Direct Memory Access (DMA) Page Registers (8-Bits Wide) 
00A0-00A3 | Non-Maskable Interrupt (NMI) Register 

00C0-00C3 Reserved 

00D0-00D3 Reserved 

00E0-00FF | Numeric Processor Extension (NPX) 

0100-02F7 Reserved 


~~) 0378-037F | Parallel Printer Interface (LPT1) 


03D0-03DF | Display Controller Board and 

Display Enhancement Board (DEB) 

03F0-03F7 Mini-Floppy Disk Unit (MFD) Controller On Motherboard 
03F8-03FF | Serial Communications Controller On Motherboard (COM1) 
0400-3EFF | Unused 

3F00-3F1F | -RESET CS 

3F20-3F3F | -PROTECTEN 

3F40-3F5F | -TIME SLICEN 

3F60-3F7F | -TRAPCE 

3F80-3F9F | -VXLATEN 

3FA0-3FBF | -BITREAD 

3FC0-3FDF | -ADADV 

3FE0-3FFF | -CLear TRAP address 


Note 1: 3FFF hex is the largest usable port number. For 
ports 0400 hex and above, the -YIOR and -YIOW (62-pin 
connector) signals are inhibited. Devices that use port 
numbers above 0400 hex must use -XIOR and -XIOW. All 
the I/O ports are accessible by the Multi-Master Interface 


(MMI). 


Note 2: To preserve compatibility with the existing 
devices such as IBM cards, care must be taken while 
selecting port numbers. 
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Bus Converter Circuitry 


The PC 6300 PLUS’s system bus must be able to support beth 
“basic bus” devices (8-bit) and “extended bus” devices (16-bit). A 
Bus Expansion Interface (Chapter 3) is provided to allow the 
CPU to meet this requirement. In order to convert 16-bit CPU 
transfers to 8-bit transfers on the BBC, the Motherboard employs 
circuitry referred to as the Bus Converter. The Motherboard’s Bus 
Converter Circuitry has four modes of operation. They are: 


1 Idle 
2 Low-Byte Transfer 
3 High-Byte Conversion 


4. Double-Byte Conversion. 


Idle Mode 


The Bus Converter Circuitry is idle when the CPU is 
communicating with a 16-bit bus device. In this mode, the Bus 
Converter Circuitry allows the data to pass between the CPU and 
the expansion buses without redirection. 


Low-Byte Transfer 


The Bus Converter Circuitry performs a low-byte transfer when an 
even addressed byte is to be transferred between a basic bus device 
and the CPU. For this transfer, the Bus Converter Circuitry 
drives the bus master read/write control lines onto the BBC. 
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High-Byte Conversion 


The Bus Converter Circuitry performs a high-byte conversion when 
an odd addressed byte is to be transferred to the bus. If the 
transfer is from the CPU to the basic bus device, the Bus 
Converter Circuitry copies the CPU bus high byte to the BBC’s bus 
and drives the read/write strobes on the BBC. If the transfer is 
from the basic bus device to the CPU, the Bus Converter Circuitry 
copies the BBC data bus onto both halves of the CPU’s data bus 
and drives the read/write strobes on the BBC. If the transfer is 
instead to the extended bus device, the CPU places its bus high 
byte onto both halves of the data bus and drives the read/write 
strobes on both the EBC and the BBC. 


Double-Byte Conversion 


The Bus Converter Circuitry performs a double-byte conversion 
when an even addressed word is to be transferred between the 
CPU and the basic bus. For this transfer, the Bus Converter 
Circuitry performs a high-byte conversion followed by low-byte 
transfer. If the transfer is a read operation, the high byte is 
latched, the low byte is read and then both bytes are presented on 
the 16-bit bus. If the transfer is a write operation, this latching is 
not necessary because both bytes are available from the extended 
bus device during the entire operation. The Bus Converter 
Circuitry will generate a read/write strobe for each byte transfer. 
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Timer 
The main component of the system Timer (Figure 2-20) is the Intel 


82544 Programmable Interval Timer (Figure 2-21). The three 
counters of the Timer are used as follows: 


© Counter 0 is used to provide a fixed frequency timing signal for 
the operating system to keep track of timing dependent 
activities. 


@ Counter 1 is used to time and request refresh cycles from the 
DMA channel. 


© Counter 2 is used to support the tone generation for the audio 
speaker. 


The function of the Timer is that of a general purpose, multi- 
timing element that can be treated as an array of I/O ports by the 
system software. The Timer block diagram is shown in Figure 
2-21. It is made up of the following blocks: 


© Data Bus Buffer 
@ Read/Write Logic 
@ Control Word Register 


@ Counters 0, 1, and 2. 
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Figure 2-20. System Timer Interface 
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Figure 2-21. Intel 8254A Timer Block Diagram 


Data Bus Buffer 


This tri-state, bidirectional, 8-bit buffer is used to interface the 
Intel 8254A to the SD Bus (Figure 2-21). The data bus buffer has 
three basic functions: 


@ Programming the MODES of the Intel 8254A 
@ Loading the counter registers 


@ Reading the count values. 
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Read/Write Logic 


The read/write logic (Figure 2-21) accepts inputs from the system 
bus and in turn generates control signals for overall device 
operation. It is enabled or disabled by the I/O Chip Select Logic 
(signal -TIMERCS) so that no operation can occur to change the 
function unless the device has been selected by the system logic. 
Lines AO and Al select one of the three counters to be operated on 
and address the control word register for mode selection. 


Control Word Register 


The control word register (Figure 2-21) is selected when both AO 
and Al are 1. It then accepts information from the data bus 
buffer and stores it in a register. The information stored in this 
register controls the operational MODE of each counter, selection 
of binary or BCD counting, and the loading of each count register. 
The control word register can only be written into. No read 
operation of its contents is available. 


Counters 0, 1, and 2 


The three counters are identical in operation. Each counter 
consists of a single 16-bit, presettable, DOWN counter. The 
counter can operate in either binary or BCD and its input gate and 
output are configured by the selection of MODES stored in the 
control word register. The counters are fully independent and each 
can have separate mode configuration and counting operation, 
binary or BCD. 
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Real-Time Clock and Calendar 


The Real-Time Clock and Calendar provides real-time data such as 
seconds, minutes, hours, days, months, etc. The structure of the 
Real-Time Clock and Calendar together with associated logic is 
shown in Figure 2-22. A 3-volt, rechargeable, stand-by battery 
ensures that timekeeping is maintained when the PC 6300 PLUS is 
switched off. The chip used is the National Semiconductor 
MM58274AN. Connected externally to pins 15 and 14 of the clock 
calendar chip is a crystal (32.768 KHz). The interrupt output of 
this chip is not used in the system. 
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Figure 2-22. Real-Time Clock and Calendar Logic 
Diagram 
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Keyboard Interface 


The Keyboard Interface uses an Intel 8041A microcomputer as a 
Keyboard Controller to convert the system parallel data into serial 
data for transmission to the Keyboard and vice versa. The 8041A 
controller is a single-chip microcomputer with 1K bytes of internal 
ROM, 64 bytes internal RAM, 16 I/O pins and an 8-bit data bus. 
The Keyboard Controller monitors I/O pins P12 and P13. A low 
signal on pin P12 generates a Keyboard hardware reset which sets 
the KBCLOCK low for at least 50 ms. The Intel 80414 monitors 
this input every 2 ms. J6 Signal, -EXTRESET is not used when a 
keyboard is connected. The address input A2 indicates to the 
controller whether the byte transfer is data (A2 is low) or a 
command (A2 is high). 


Communication Protocol 


Communication between the Keyboard Interface and the Keyboard 
(Figure 2-23) is bit-serial asynchronous utilizing signal lines 
KBCLOCK and KBDATA. KBCLOCK, generated by the Keyboard 
Interface, is used to establish the transmission rate over the 
interface. KBDATA is bidirectional and the direction of 
transmission, Keyboard Interface to Keyboard or vice versa, is 
established by sampling KBDATA on the negative going edge of 
KBCLOCK. 


The Keyboard Interface sets KBCLOCK low every 2 ms and, if it 
has data to send to the Keyboard, it also sets KBDATA low. This 
condition initiates a Keyboard reception routine. The Keyboard 
Interface then sends 8 clock pulses to the Keyboard on KBCLOCK, 
writing to the Keyboard over KBDATA on the leading edge of 
KBCLOCK, and the Keyboard reading from KBDATA on the 
trailing edge of KBCLOCK. If the Keyboard Interface has no data 
to send to the Keyboard, KBDATA remains high. This condition 
initiates a Keyboard transmission routine. 


If the Keyboard has data to send to the interface, it sets KBDATA 
low. This condition initiates a Keyboard Interface reception 
routine. The Keyboard Interface then sends 8 clock pulses to the 
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Keyboard on KBCLOCK, with the Keyboard writing to the 
Keyboard Interface over KBDATA on the trailing edge of 
KBCLOCK and the Keyboard Interface reading from KBDATA on 
the leading edge of KBCLOCK. 
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8041A READS BIT 


ee pal 


KBCLOCK 


FLT EEItl 


KBDATA TRANSMISSION FROM 
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1i2ial4islel7is 
8041A WRITES BIT 
KEYBOARD READS BIT 
KBCLOCK 
KBDATA 


TRANSMISSION 

FROM 

MOTHERBOARD tlalalaislel7ie 
TO KEYBOARD 


Figure 2-23. Transmission from Keyboard to Keyboard 
Interface 
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Interface Connector, J6 


The Keyboard Interface signals are made available through a 
9-pin, D-shell connector (Figure 2-24) located at rear of the System 
Module. A description of the interface signals available on the 
Keyboard connector is given below. The I/O direction is with 
respect to the Motherboard. 


Signal i) Description 
KBDATA 1/0 | Keyboard Serial Data 


KBCLOCK | 1/0 | Keyboard Clock 
-KBRESET fe Reset (Not used by Keyboard) 
-EXTRESET | 1 | Reset by system (used for text purposes only) 


TEST — | Test (Not used by Keyboard) 
+12V — | +12 V Power Supply 
GND —_| Ground 


Pin | Signal | Pin] Signal 


1 KBDATA 6 -KBRESET 
2 KBCLOCK 7 -EXTRESET 
3 GND 8 | TEST 

4 GND 9 Reserved 

5 +12V 
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Figure 2-24. Keyboard Interface Connector 


1/0 Interface Circuitry 


2-69 


Motherboard 


Speaker Interface 


The sound system uses a small, permanent magnet speaker that 
may be driven from the following sources (Figure 2-25): 


@ A program controlled output bit, SPKRDATA from Port A, 
may be toggled to generate a pulse train. 


@ The Timer counter 2 output. Counter 2 may be programmed as 
a square wave generator and a program controlled output bit, 
TMR2GSPKR, from Port A may be applied to the gate input of 
counter 2 and modulated with the clock input. 


BIT 1 FROM 
1/0 PORT A 
SPKRDATA 


TIMER 
CHANNEL 
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PASS |--> 
FILTER SPEAKER 


ouT2 


Figure 2-25. Speaker Interface Logic Diagram 
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Parallel Printer Interface 


A Parallel Printer Interface (Figure 2-26) is provided on the 
Motherboard. It is designed for printers with a Centronics-like 
parallel interface, but may be used for the connection of any device 
that matches its input and output characteristics. The interface 
has twelve buffered outputs (data bus, strobe, initialize printer, 
auto feed and select input), that can be written or read by the 
printer input or output instructions. In addition, the interface has 
five inputs (acknowledge, busy, paper end, error, and select) that 
may be read by the printer input instructions. The acknowledge 
input can be used to generate an interrupt request that is enabled 
or disabled under program control. A dual 2-to-4 line decoder is 
used to generate the interface read and write command signals in 
response to I/O instructions by decoding address bits LAO, LA1 
and the I/O read and write signals -IOR and -IOW in accordance 
with the following table. 


Address Bits | Read Signals Write Signals 
LAL LAO -IOR | -RA | -RB | -RC | -IOW | -WA | -WC 
1 1 1 1 


Her oox 


ra 
0 
1 
0 
. 


cooo 
KoneE 
HHO 

Hoere 


1 
0 
1 
1 
1 


we HOoM 


0 
0 
0 
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Figure 2-26. Parallel Printer Interface Block Diagram 
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Printer output instructions generate the write signals -WA and 
-WC. Signal -WA writes data bits PDO to PD7 into one latch in 
order to generate the printer data bus. The signal -WC writes 
data bits PDO to PD5 into another latch in order to generate the 
interface control signals -STROBE (D0), Auto Feed -AUTOFDX 
(D1), Initialize Printer -INIT (D2), Select Input -SLCTIN (D3), and 
a CPU interrupt. The CPU interrupt is generated on the falling 
edge of the printer Acknowledge signal if the Interrupt Request bit 
(D4) is written high. 


Printer input instructions generate read signals -RA, -RB and -RC. 
They enable data on the printer interface to be written onto the 
data bus. The -RA and -RC signals enable input buffers that read 
back the contents of two output latches into the same bit positions. 
The -RB signal enables input buffers that read the printer status 
bits, namely, Acknowledge -ACK (D6), Busy BUSY (D7), Paper 
End PE (D5), Error and Select SLCT (D4). 
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Parallel Printer Interface Characteristics 


All interface input and output signals are at standard TTL levels. 


Data Lines 


Each data line output is capable of sourcing -2.6 mA and sinking 
24 mA. These lines should not be pulled to ground. 


Control Lines 


Each control line output is driven by an open-collector inverter. 
The output of which is pulled to +5 V via a load resistor of 4.7 KQ. 
Each output is capable of sinking approximately 7 mA without 
exceeding a maximum low-level output voltage of +0.8 V. 


Status Lines 


Each status line input presents one low-power Schottky load to the 
device connected to the interface and is terminated with a 4.7 KN 
load resister to +5 V. 


Parallel Printer Interface Connector, J4 


The Parallel Printer Interface signals are made available through 
a 25-pin, D-shell connector (Figure 2-27) at the rear of the System 
Module. A description of the interface signals available on the 
Parallel Printer Connector is described on the following page. The 
V/O direction is with respect to the Motherboard. 
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Signal | 1/0 Description 
PRTDOto | 1/0 | Data lines—Used to carry the character data from the 
PRTD7 interface to the printer. 


-STROBE 1/0 | Strobe—A low-level pulse used to transfer character data 
from the interface to the printer. 


-AUTOFDX | 1/0 | Auto Feed—A low-level pulse that instructs the printer to 
feed one line of paper after printing. 


-INIT 1/0 | Initialize Printer—A low-level pulse that resets the 
printer to its initial state and clears the printer buffer. 

-SLCTIN I/O | Select Input—A low-level pulse that enables the printer 
to accept new data. 

-ERROR I Error—A low-level pulse indicating that the printer is in 
an error mode. 

SLCT I Select—Indicates that the printer is in the selected 
condition. 

PE I Paper End—A high-level pulse that indicates that the 


printer is out of paper. 


-ACK I Acknowledge—A low-level pulse that indicates that the 
current data has been accepted by the printer and the 
printer is ready to receive new data. 


BUSY 1 | Busy—A high-level pulse that indicates that the printer 
cannot accept new data. 
GND —__| Ground—0n 8 contacts. 
Pin |_ Signal Signal 
1 | -STROBE -AUTOFDX 
2 | PRTDO -ERROR 
3 | PRTDI -INIT 
4 | PRTD2 -SLCTIN 
5 | PRTD3 GND 
6 | PRTD4 GND 
7 | PRTDS GND 
8 | PRTD6 GND 
9 | PRTD7 GND 
10 | -ACK GND 
11 | BUSY GND 
12 | PE GND 
13_| SLCT 
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Figure 2-27. Parallel Printer Interface Connector 


Programming the Parallel Printer Interface 


The Parallel Printer Interface responds to two output instructions 
and three input instructions. The function of each instruction is 
described in the System Programmer’s Guide. 
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Serial Communication Interface 


The Serial Communication Interface uses a NSC 8250 
Asynchronous Communications Element (ACE). Figure 2-28 shows 
a block diagram of the NSC 8250 ACE. The ACE does the 
following: 


1 Performs serial-to-parallel conversion of data on the received 
data circuit. 


2 Performs parallel-to-serial conversion of data on the 
peripheral data bus for transmission on the Transmitted Data 
circuit and the modem control functions. 


3 Provides the following output signals: 
@ Clear To Send (CTS) 
@ Request To Send (RTS) 
@ Data Set Ready (DSR) 
@ Data Terminal Ready (DTR) 
@ Ring Indicator (RI) 
@ Data Carrier Detected (DCD). 


The ACE has a status reporting capability that includes the type 
and condition of the transfer being performed, as well as any error 
conditions such as parity error, overrun error, framing error, and 
break interrupt. It can add or delete start bits, stop bits, and 
parity bits to and from the serial data stream. 
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Figure 2-28. Serial Communication Interface Block 
Diagram Using NSC 8250 ACE 


The ACE also includes a programmable baud rate generator and a 
prioritized interrupt system that controls transmit, receive, error, 
line status, and data set interrupts. The different modes of 
operation of the ACE are programmed by the system software that 
accesses or controls the contents of the ACE registers via the 
peripheral data bus. Address bits LAQ, LA1, and LA2 select 
registers to read from or write to this data bus as shown in the 
following table. 
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DLAB | LA2 | LA1 | LAO Register 

0 0 0 0 Receiver Buffer (read) and 
Transmitter Holding 
Register (write) 

0 0 0 1__| Interrupt Enable 

x 0 1 0 Interrupt Identification 
(read only) 

x 0 1 1 Line Control 

xX 1 0 0 Modem Control 

x sf 0 1 Line Status 

x 1 1 0 Modem Status 

x 1 1 1 Scratchpad 

1 0 0 0 Divisor Latch (LSB) 

1 0 0 1 Divisor Latch (MSB) 


Note: The state of the Divisor Latch access bit of the line 
control register affects the selection of certain registers. 
The DLAB must be set high by the system software to 
access the baud rate generator divisor latches. 


The data format of the serial data is shown in Figure 2-29. 


DO D1 D2 D3 D4 DS D6 D7 


bebdddd 


TRANSMIT DATA | START PARITY | STOP 
MARKING BIT BIT BIT 


Figure 2-29. Data Format 


Data bit 0 is the first to be transmitted or received on the 
interface. The Serial Communications Interface inserts the start 
bit, the correct parity bit (if programmed), and the stop bit 
according to the content of the line control register. The system 
programmer may access or control the ACE registers. For a 
description of these registers, see the System Programmer’s 


Guide. 


1/0 Interface Circuitry 


Motherboard 


Serial Communication Interface Characteristics 


The Electronic Industries Association (EIA) recommended 
standard RS232C defines the interchange circuit signal 
characteristics for interfacing Data Terminal Equipment (DTE) to 
Data Communications Equipment (DCE). For Data Interchange 
Circuits, a voltage more positive than +3 V with respect to ground 
is used to represent a logic level 0. A voltage more negative than -3 
V with respect to ground represents a logic level 1. For Timing 
and Control Interchange Circuits, a positive voltage greater than 
+3 V with respect to ground is a logic level 1, while a voltage more 
negative than -3 V with respect to ground is a logic level 0. 


Serial Communication Interface Connector, J3 


The EIA RS232C interchange circuit signals are made available 
through a 25-pin, D-shell connector (Figure 2-30) located in the 
rear of the System Module. 


Following is a description of the signals available on the Channel 
A interface connector. The I/O direction is with respect to the 
Motherboard. 
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Figure 2-30. Serial Communication Interface Connector 
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Inter- 
Change | EIA | 1/0 Description 
ignal_| 
PRGND | AA | — | Protective Ground—Connected to System Module 
E frame. 
GND AB | — 


Signal Ground/Common Return—Common ground 
reference for interchange circuits. 

TD BA O | Transmitted Data, to DCE—Generated by data 
terminal equipment and transferred to local 
transmitting signal converter for transmission over 
the communication channel to the remote data 
terminal equipment. 

RD BB 1 Received Data, from DCE—Generated by local 
receiving signal converter in response to data signals 
received over the communication channel from remote 
transmitting signal converter. 


RTS ca | 0 | Request to Send, to DCE—Used to condition the 
local data communication equipment for data 
transmission. =| 

CTS cB | 1 | Clear to Send, from DCE—Used to indicate 


whether or not the modem or data set is ready to 
transmit data. 


DSR cc 1 Data Set Ready, from DCE—Used to indicate the 
status of the local data set. 
DTR cD Oo Data Terminal Ready, to DCE—Used to control 


the switching of the data communication equipment 
to the communication channel. 


RI CE i Ring Indicator, from DCE—Indicates that a 
ringing signal is being received on the communication 
channel. 

DCD CF I Receive Line Signal Detect (Data Carrier 
Detected), from DCE—Used to indicate that the 

Le data carrier has been detected. 
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Pin | Signal | BIA | Pin | Signal | BIA 
1 |PRGND] aA] 4] — | —] 
2| m |Batis} — | — 

3 RD BB 16 - - 

4 | ers |cafar] — | = 

s | crs | cp}is} — | — 

6 | vse | cc} is} — | — 

7 | oxo | aB| 20] ptr | cp 
3 | pp |crfa]} — | — 

9 | - |-|2] a | ce 

5 Naeem (een > pd a es 
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Mini-Floppy Disk Unit (MFD) Interface 


The MFD Interface supports single density (FM) and 
double-density (MFM) formats for single and double-sided MFDs 
and provides all logic and control circuitry for writing data to, 
reading data from and initially formatting diskettes. The interface 
includes write precompensation, to reduce the effect of dynamic bit 
shift; and an analogue phase locked loop that generates a read 
clock locked to the incoming data to provide the interface with 
accurate timing for data recovery. 


The interface supports three MFDs. In addition, the interface 
supports the write protect feature of the associated MFDs and 
provides handshaking signals to enable DMA data transfers. 


Note: In the following description, drive numbers 0 and 1 
correspond to MFDs A and B. 
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Mini-Floppy Disk Unit Controller (MFDC) 


The MFD interface uses an NEC »PD765A MFD Controller 
(MFDC). This MFDC contains the circuitry and control functions 
for interfacing the CPU to the MFDs. The MFDC will support 
both 360K byte (48 and 96 TPI) and 1.2M byte (96 TPI) MFDs. The 
1.2M byte MFDs supported are of the single-spindle speed type, 
thus resulting in bit-transfer rates of 300K bps and 500K bps. A 
bit-transfer rate of 250K bps is supported for the 360K byte MFDs. 


The MFDC will operate in either DMA or non-DMA modes. In the 
non-DMA mode, the MFDC generates interrupts to the CPU each 
time a data byte is available. In the DMA mode, the CPU need 
only load the command into the MFDC and all data transfers occur 
under the control of the MFDC and the DMAC. Figure 2-31 shows 
a block diagram of the «PD765A MFDC. 


There are 15 separate commands which the »PD765A can execute. 


Read Data Read ID Recalibrate 

Read Deleted Data Format a Track Sense Interrupt Status 
Write Data Scan Equal Specify 

Write Deleted Data Scan Low or Equal _ Sense Drive Status 
Read a Track Scan High or Equal Seek 
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Figure 2-31. .PD765A Mini-Floppy Disk Unit Controller 
(MFDC) Block Diagram 
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MFDC Pin Functions 
The following is a description of the pin functions for the uPD765A 
MFDC: 

Signal Function 

RST Reset—This signal places the MFDC in an idle state and resets 
output lines to the MFD. 

-RD Read—This is the control signal for transfer of data from 
MFDC to the data bus and is active low. 

-WR Write—This is the control signal for transfer of data to the 
MFDC via the data bus and is active low. 

-CS Chip Select—This pin selects the MFDC when it is low 
allowing -RD and -WR pins to be enabled. 

AO Data/Status Register Select—This signal selects the data 
register (AO high) or the status register (AQ low) contents of 
the MFDC to be sent to the data bus. 

DBO Data Bus—These lines constitute the bi-directional 8-bit data 

to bus. 

DB7 

DRQ Data DMA Request—This signal is high when a DMA 
request is made by the MFDC. 

-DACK DMA Acknowledge—This input signal indicates that a DMA 
cycle is active when low and the controller is performing a 
DMA transfer. 

TC Terminal Count—When high, this signal indicates the 
termination of a DMA transfer. It terminates data transfer 
during read/write/scan command in a DMA or interrupt mode. 

IDX Index—This pin indicates the beginning of a track. 

CLK Clock —This input clock is a single-phase 8 MHz square-wave 
clock. 

WCK Write Clock—This clock indicates the write data rate to the 
MFD, which is 500 KHz in FM mode and 1 MHz in MFM mode. 
The pulse width is 250 ns for both modes. 

RDW Read Data Window —This is generated by the phase-lock 
loop and is used to sample data from the MFD. 

RDD Read Data—This is the read data from the MFD containing 
clock and data bits. 

Vco VCO Syne—This signal inhibits VCO in phase-lock loop when 
high and enables VCO when low. 

WE Write Enable—This signal enables write data to the MFD. 
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Signal Function 

MFM FM Mode—This signal selects between MFM mode when high 
and FM mode when low. 

HD Head Select—This selects head 1 when high and head 0 when 
low. 

uso Unit Select—These pins are not connected. 

and 

USI 

WDA Write Data—This line carries the serial clock and data bits to 
the MFD. 

PSL Precompensation—These two lines indicate the write 

and precompensation status during MFM mode. They determine 

PSO early, normal, or late times. 

FLT/TRO Fault/Track 0—This line sense the drive fault condition in 
read/write mode and track 0 in seek mode. 

WP/TS Write Protect/Two-Side—This signal senses the write 
protect status in read/write mode and the two media in seek 
mode. 

RDY Ready —This signal indicates that the MFD is ready to send or 
receive data. 

HDL Head Load—This signal causes the read/write head in the 
MFD to load onto the diskette. 

FR/STP Fit Reset/Step—This signal resets fault flip-flop in MFD 
when in read/write mode and contains step pulses to move head 
to another cylinder in seek mode. 

LCT/DIR Low Current/Direction—This signal lowers the write 
current on inner tracks during a read/write mode and 
determines the direction the head will step during a seek mode 
A fault reset pulse is issued at the beginning of each read or 
write command prior to the occurrence of the head load signal 

-RW/SEEK Read Write/Seek—This line selects the seek mode when high 
and the read/write mode when low. 


Write Precompensation Circuitry 


The object of this circuitry is to cause the Write Data output from 
the uPD765A to be written early, late or on time on the MFD. The 
write precompensated data stream input to the MFD is WD. 


Write precompensation is a technique mostly used in MFM 
recording. The following is a brief explanation of what 
precompensation is all about. Due to the decreasing radius on the 
physical surface of the disk, the inside tracks have less 
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circumference and therefore exhibit an increase in recording flux 
density over the outside tracks. This increase in flux density 
aggravates a problem in magnetic recording known as dynamic bit 


shift. 


Dynamic bit shift comes about as the result of one bit on the disk 
(a flux reversal) influencing an adjacent bit. The effect is to shift 
the leading edge of both bits closer together or further apart than 
recorded. The net result is that enough jitter is added to the 
recorded data on the inside tracks to make them harder to recover 
without error. In any event, there is a method which can be 
applied to reduce the effect of this shift on the data called “write 
precompensation.” Precompensation is a way of predicting which 
direction a particular bit will be shifted and intentionally writing 
that bit out of position in the opposite direction to the expected 
shift. This is done by examining the status during MFM recording 
to produce early, late and normal timings. Signals PS1 and PSO as 
seen in the following table determine these timings. 


PSO | PS1 | Function 
0 0 | Normal 
0 i. Late Shift 
1 0 Early Shift 
1 1 Invalid 


Data Separator 


The data separator uses an analogue phase-locked loop to generate 
a read clock locked to the incoming data. The phase-locked loop 
allows the read clock to follow small variations in incoming data 
spacing caused by random changes in the MFD motor speed, but 
not respond to magnetic recording distortion or noise. 
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MFDC Interface Characteristics 


All interface input and output signals are at standard TTL levels. 


Output Lines 


Each output line is driven by a standard open-collector gate. The 
MFDs provide the load resistor to +5 V for each output line. 


Input Lines 


Each input line on the MFDC interface is terminated with a 1509 
load resistor to +5 V. Any MFD connected to this interface must 
be able to drive the 1509 load resistor and one low-power Schottky 
(LS) load. 


MFDC Interface Connector, P2 
A description of the signals available on the MFD interface 


connector (Figure 2-32) is in the following table. The I/O direction 
is with respect to the Motherboard. 
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Figure 2-32. MFD Interface Connec' 
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Signal 


vo 


Description 


-DRSELI, -DRSEL2, 
and DS3. 


Drive Select—These lines are used to enable the 
driver outputs and receiver inputs of the MFD. 
These lines are active low. 


-MOTENI and 
-MOTEN2 


Motor Enable—These lines control the spindle 
motor of the MFD such that when the line is 
active low the motor starts and when inactive high 
the motor stops. MOTEN2 is the motor enable 
line for both DRSEL2 and DS3. 


-STEP 


Step—This line is used to move the read/write 
head of the selected MFD one cylinder in or out 
for each pulse present on the line. The direction, in 
or out, is determined by the direction line. 


-DIR 


Direction—For each pulse on the step line, the 
read/write head of the selected MFD moves one 
cylinder in (towards the motor spindle) if this line 
is active low, or out (away from the motor spindle) 
if this line is inactive high. 


-HDSEL 


Head Select—The side 1 read/write head (upper 
head) is selected when this line is active low. 


-WE 


Write Enable — The selected MFD enables write 
current to the read/write head when this line is 
active low. 


-WDTA 


Write Data—For each inactive to active 
transition of this line, when write enable is active, 
the selected MFD causes a flux change to be 
recorded on the diskette. 


-INDEX 


Index—The selected MFD issues one pulse on this 
line per diskette revolution on detection of the 
index hole in the diskette. 


-WRPT 


Write Protect—This line becomes active low 
when a write protected diskette is inserted in the 
selected MFD. 


Track 00—This line becomes active low when the 
read/write head of the selected MFD is a track 00. 


Read Data—The selected MFD issues a pulse on 
this line for each flux change encountered on the 
diskette. 


Speed Select—This line selects the data transfer 
rate for the MFD interface, ie., high speed (500K 
bps) or low speed (250K bps or 300K bps). 


Ground—On 17 contacts. 
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Motherboard 
ee 


Pin Pin | _Signal_| 
1 GND 2 HI/-LO 
3 GND 4 = 
5 GND 6 DS3 
i GND 8 -INDEX 
9 | GND } 10 | -MOTEN1 
11 | GND | 12 | -DRSEL2 
13 GND 14 | -DRSEL1 
15 | GND | 16 | -MOTEN2 
17 | GND | 18 | -DIR 
19 GND 20 | -STEP 
21 | GND | 22 | -WDTA 
23 | GND | 24 | -WE 
2 GND 26 | -TO 
27 GND 28 | -WRPT 
29 | GND | 30 | -RDDTA 
31 | GND | 32 | -HDSEL 
33_| GND | 34 | — 


Programming the MFD Interface 


From a programming point of view, the MFD Interface consists of 
an 8-bit output control register in parallel with an uPD765A 
MFDC. For details about programming the MFD Interface, see 


the System Programmer’s Guide. 


Motherboard to Display Controller Board 
Interface (Bus Expansion Interface) 


The Motherboard has two edge connectors, J1 (EBC) and J2 (BBC), 
that plug into connectors J2 (EBC) and-J4 (BBC) of the Display 
Controller Board. See Chapter 3, Bus Expansion Interface 
for a description of the EBC and BBC connectors. 


2-92 


1/0 Interface Circuitry 


Motherboard 


Multi-Master Interface (MMI) 


The Multi-Master Interface (MMI) gives an expansion board 
designer access to extended system control in terms of bus master, 
Interrupt, and DMA expansion. It is important to note that since 
internal control of the system can be obtained through the MMI, it 
should be used with a good deal of design care. One of the 
advantages of the MMI is that it abolishes the typical conflicts of 
multiple expansion boards using the same interrupt or DMA 
channel. As long as the documented bus rules are adhered to by 
the expansion boards, the boards will not collide with each other 
when extending interrupts or DMA. Additionally, interrupt and 
DMA expansion is practically unlimited through the MMI. 


Note: Recommended MMI bus rules and application notes 
will be available under separate cover. The following 
sections outline the types of features available through the 
MMI. 


Interrupt Expansion 


An expansion board designer can extend the Interrupt support of 
the system by including an Intel 8259A Interrupt Controller on the 
expansion board—which will become either a slave or master, 
depending on where it sits in the interrupt chain. 


Physical Connections 


Some of the Multi-Master Connector (MMC) signals are chained 
signals. This requires that a MMI board have two connectors on it, 
called J1 and J2. 


The J2 connector “emulates” those chained signals of the 
Motherboard and thus connects to the corresponding J1 connector 
on the next card. Figure 2-33 further shows the signal 
interconnection scheme. See Figure 2-34 for a pin layout of the 
MMC. 
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Figure 2-33. MMI Physical Interconnection 
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MCASI1 MEXTINTR 
MCAS2 RSVD 
MINTA -MEXTION 
GND +5V 


Figure 2-34. Multi-Master Connector (MMC) 


DMA and Bus Master Expansion 


DMA Extension and external bus masters use a common set of 
control signals in the MMI to grab control of the system bus. 
Through these signals, additional system DMA capability can be 
added. 


Multiple Bus Controllers 


Multiple bus controllers are supported in the system when each 
board which connects to the MMI chains the appropriate control 
leads. Care must be taken in “arbitrating” the previous board’s 
requests to the next board in the chain. It is a requirement that 
each board properly chains/arbitrates the bus control signals. 
Through bus control signals, multiple-processor boards may all 
share the full resources of the system—allowing for powerful 
multi-processor configurations. 


Recommend MMI Support 


It is recommended that boards which take advantage of the MMI 
follow the AT&T application notes and bus rules on the MMI. 
Adherence to these bus rules will guarantee conformance of the 
hardware designer’s board with MMI conventions, allowing it to 
work with other MMI boards. 
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Settings 


System Configuration Switches 


The Motherboard system configuration switches must be set ON or 
OFF to indicate the amount of read/write memory on the 
Motherboard, if the NPX is installed, Read-Only Memory size, and 
the type of disk drives installed in the System Module. 


The configuration switches are dual in-line pin (DIP) switches of 
the type with a slide action. For these DIP switches, ON 
corresponds to the ON position marked on the face of the switch. 
OFF corresponds to the slider moved away from the ON position. 
The Motherboard has two DIP switches, DSW1 and DSW2. See 
Figure 2-35. They are set as shown in the following tables to 
reflect the system configuration. 


Note: In the tables, x is the don’t care condition. 
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Figure 2-35. Motherboard DIP Switches 
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Switch DSW1 
Position | Function 
1 Mini-Floppy Disk Unit(s) 
(MFD(s)], 96 TPI or 48 TPI 

2 Start-up Speed for MFD(s) 

3-4 | Hard Disk Unit (HDU) Type 

5-6 | Display type 

7-8 Number of MFDs 


MFD(s), 96 TPI or 48 TPI 


SW1_SW2 SW3 SW4 SW5 Swe SW7_SW8| Function 
OFF x x x x x x x 96 TPI MFD(s) 
installed 
(Drive B) 

ON x x x x x x % 48 TPI MFD(s) 
installed 
(Drive B) 

2 OFF x x 4 a x x 96 TPI MFD(s) 
installed 
(Drive A) 

x ON x * x * x x 48 TPI MFD(s) 
installed 
(Drive A) 


Hard Disk Unit (HDU) Type 


Swi SW2 SW3s SW4 SW5 SW6 SW7_SWs | Function 

x x OFF OFF x x x x | In combination with 
switches on the Hard Disk 
Unit Controller (HDC) 
determines the HDU type. 
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Display Type 
SWi_SW2 SW3 SW4 SW5 SW6 SW7_SWs | Function 
x xx x ON OFF x x | 80x25 Line—Setting 
with Displa 


Controller Board 
Shades of Green + Color 
(AT&T Standard with) 
either Display) 

x x x x OFF ON x x | 40x25 Line—Setting 
with Display 

Controller Board 

Shades of Green + Color 


x x x x OFF OFF x x | IBM Compatible 
Monochrome Display 
Controller 
x x x x ON ON x x__| Reserved for future use 
Number of MFDs 
[swi Sw2 Sw3 Sw4 SW5 SW6 SW7_SW8 | Function 
x x x x x x ON ON | 1 MFD 
installed in system 
F x x x x x OFF ON | 2MFDs 
installed in system 
x x x ic x x ON OFF | 3 MFDs 
installed in system 
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Switch DSW2 


Position | Function 


1-4 Motherboard Memory 

5 Numeric Processor Extension, Inte] 80287 
6 Reserved 

7 Hard Disk Unit Controller (HDC) Basic 


Input/Output System (BIOS) Location 


8 Read-Only Memory (ROM) Size 
Motherboard Memory 
System 
fenee sit sWi sW5 SW6 sW7  sWs | Location 
OFF ON ON xx x x | Bank 
ON OFF ON xx x» | Bank 
Bank 2 
256K Byte | ON ON OFF ON x x x x | Bank 160K Bit 
Bank 2—61K Bit 
BIZK Byte | ON ON ON OFF xx xX _| ‘Bank 1 
GI0OK Byte | OFF ON ON OFF x x x x | Bank 1m 
Bank 2 
610K Byte | ON OFF ON OFF x x x % | Bank 
G1OK Byte | ON ON OFF OFF ox x x 
TM Byte | OFF OFF ON OFF ox x x x 


Note: In these combinations, the switch settings 
determine the amount of accessible memory irrespective of 
the amount of memory in the system. Each bank consists 
of two rows. 


Numeric Data Processor, Intel 80287 


SW1 SW2 SW3 SW4 SWs SW6 SW7_SW8 | Function 
x x x x_OFF_ x x x__ | 80287 not installed 
x x x x ON x x x__ | 80287 installed 
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Hard Disk Unit Controller (HDC) BIOS ROM 


SW1_SW2_SW3_SW4_ SW5 _SW6 SW7_SW8| Function 


x x x x x * ON x HDC BIOS ROM 


Used (Default) 


Motherboard Being 


on 


in ON Position 


x x x x x ES OFF x HDC BIOS ROM on 
HDC Board Being 
Used 

x x x x x ON x x Not Used—Leave 


Read-Only Memory, 16Kx8 or 32Kx8 ROM/EPROMs 


SW1_SW2_SW3_SW4_SW5_SW6 _SW7__Sws | Function 


x x x x x 33 x OFF | 16Kx8 EPROMs installed 
(32K bytes 
total—default) 


x x x x x x x ON | 32Kx8 EPROMs installed 
(64K bytes total) 
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General 


The PC 6300 PLUS’s system bus is divided into two categories: the 
Basic Bus and the Extended Bus. The Basic Bus includes all of the 
signals in the same physical arrangement as the system bus made 
popular by the IBM PC/XT. The Extended Bus includes the 
extended data bus, extended address bus, and bus control signals. 
The Basic Bus signals are available through a 62-pin connector on 
the Bus Expansion Board called the Basic Bus Expansion (BBC). 
The Extended Bus signals are available though a 38-pin connector 
on the Bus Expansion Board called the Extended Bus Expansion 
(EBC). The Bus Expansion Board (Figure 3-1) has 3 EBC’s (J8 
through J14) and 7 BBC’s (J1 through J7). 


SINGLE EXPANSION SLOTS 


DUAL EXPANSION SLOTS 


DISPLAY CONTROLLER CONNECTORS 


Figure 3-1. Bus Expansion Board 
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Signal Descriptions 


This section lists each of the signals available on the PC 6300 
PLUS’s system bus interface connectors, i.e., BBC and EBC. 


Basic Bus Connector (BBC) 


Name 


Description 


Address Group 


Al through A19 


‘Address Bit 1 through Address Bit 19—These lines 
indicate the address of the data word in I/O address 
space or the first 1M Byte of memory address space for 
data transfers. Selection of the appropriate byte is made 
by IAO for basic bus devices and by AQ and -BHE for 
extended bus devices. 


For I/O operations, A13 is the most significant bit of 
address (A14-A19 are not used). For memory operations 
with basic bus devices, A19 is the most significant bit of 
address. For memory operations with extended bus 
devices, A20-A23 are included in the full address. 

Basic bus I/O devices use A as the most significant 
address bit. Extended bus 1/0 devices use A13 as the 
most significant address bit. 


IAO 


Modified Address Bit 0—This line is used by basic bus 
devices as the least significant address bit. Extended bus 
devices should ignore this line and use AO and -BHE 
provided on the EBC. 
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[Name 


Description 


Data Group 


DO through D7 


Data Bit 0 through Data Bit 7—These lines indicate 
the data on the low half of the data bus. A logical 1 is 
indicated by a high state on these lines. 


-IIOR 


- Basic Channel I/O Read—When low, this line 
controls a basic bus I/O port to drive its data onto the 
bus. When AEN is low (CPU control), the port is selected 
by IAO and Al through A9. When AEN is high (DMA 
control), the port is selected by -DACK1 or -DACK3. 


-110W 


- Basic Channel I/O Write—When low, this line 
controls a basic bus I/O port to read the data on the bus. 
When AEN is low (CPU control), the port is selected by 
IAO and Al through A9. When AEN is high (DMA 
control), the port is selected by -DACK1 or -DACK3. 


-IMRD 


- Basic Channel Memory Read—When low, this line 
controls a basic bus memory device to drive its data onto 
the bus. The device is selected by IAQ and Al through 
Al9. 


-IMWR 


- Basic Channel Memory Write—When low, this line 
controls a basic bus memory device to read the data on 
the bus. The device is selected by IAO and Al through 
A19. 
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Name 


Description 


Timing and Control Group 


AEN 


DMA Address Enable—This line is active during a 
DMA operation and indicates that the DMA controller is 
driving the address lines and read/write control lines. 
An I/O device should condition its address decoding with 
this line such that decoding is disabled when this line is 
active. 


[ALE 


Address Latch Enable—This line is active upon 
latching of the CPU address into the address buffers 
driving the system bus. This line is set to logic 0 during 
DMA operations. 


BCRDY 


Basic Channel Ready —This line is normally high and 
should be pulled low by a basic bus slave device in order 
to extend the period of a data transfer. (See -ORDY on 
the EBC.) 


osc 


14.31818 MHz Clock Signal—This line is a timing 
signal asynchronous to the Motherboard CPU clock and 
has a period of approximately 70 ns and duty cycle of 
50%. This frequency is four times the American TV 
standard (NTSC) color subcarrier frequency. 


RESET 


Reset System Logic—This signal indicates that a 
hardware reset has been initiated. Optional devices 
should reset their internal hardware to the initial 
condition upon sensing a high level at this line. 


CLOCK 


4.77 MHz Clock—This line is a timing signal 
synchronous to memory and I/O transfers with a duty 
cycle of 33%. 
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Name 


Description 


Direct Memory Access (DMA) Group 


-DACKO 
through 
-DACK3 


- DMA Channel 0, 1, 2, or 3 Acknowledge —These lines 
indicate that a DMA channel (0, 1, 2, or 3) request is 
acknowledged and that a DMA cycle is occurring. DMA channel 
O has the highest priority and DMA channel 3 has the lowest 
priority. 


DMA channel 0 (-DACKO) is used for refresh of dynamic memory 
devices in the system and so -DACKO may be used by an optional 
device to control refresh of its onboard memory mapped dynamic 
memory devices. 


DMA channel 1 (-DACK1) is a general purpose DMA channel 
which is available for use by optional devices. A DMA I/O port 
which has requested DMA service on channel 1 (DREQI) should 
use -DACK1 to enable its connection to the data bus. 


DMA channel 2 (-DACK2) is used by the Motherboard’s MFD 
Controller (MFDC). 


DMA channel 3 (-DACK3) is a general purpose DMA channel 
which is available for use by optional devices. A DMA I/O port 
which has requested DMA service on channel 3 (DREQ3) should 
use -DACK3 to enable its connection to the data bus. -DACK3 is 
used by the optional HDU Controller (HDC). 


DRQI 
through 
DRQ3 


DMA Channel 1, 2, or 3 Request—This line is used by an 
optional device to request DMA service on channel 1, 2, or 3. The 
request is made by raising DRQI, DRQ2, or DRQ3 to a high state 
and holding it high until the -DACK1, -DACK2, or -DACK3 
signal, respectively, goes low to acknowledge the request. 
Conventionally, DRQ2 is used by the MFDC and DRQ3 is used by 
the optional HDC. 


TC 


DMA Controller Terminal Count—This line indicates that 
the terminal count of any DMA cycle has been reached. 
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Name 


I Description 


Interrupt Group 


-CHCK 


- Channel Check—This line is normally high and 
should be pulled low by any device on the system bus to 
request a Non-maskable Interrupt of the Motherboard 
| CPU. This line is normally used to report parity errors. 


IRQ2 through 
IRQ7 


Interrupt Request (2 through 7)—These lines are used 
by any optional device to request a priority interrupt 
from the Motherboard’s Interrupt Controller. The 
appropriate request line should be driven high by the 
requesting device until it is acknowledged by the 
interrupt service routine. IRQ2 has the highest priority 
and IRQ7 has the lowest priority. 


Power and Ground Group 


GND Ground Connection—These lines provide the return 
path for both signal and power connections to the system 
common ground. 

+5V Positive 5 Volt Power Source—These connections 
will provide power at +5 volts de. 

-5V Negative 5 Volt Power Source—This pin will provide 
power at -5 volts de. 

+12V Positive 12 Volt Power Source—This pin will 
provide power at +12 volts de. 

-12V Negative 12 Volt Power Source—This pin will 


provide power at -12 volts de. 
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GND 
-IMWR 
-IMRD 
-I10W 
-IIOR 
-DACK3 
DRQ3 
-DACK1 
DRQI 
-DACKO 
CLOCK 
IRQ? 
IRQ6 
IRQS 
IRQS 
IRQ3 
-DACK2 
TC 

ALE 
+5V 
osc 
GND 


Figure 3-2. Basic Bus Connector (BBC) 
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Extended Bus Connector (EBC) 


Signal 


Description 


‘Address Group 


AO 


Address Bit 0—This line is used by extended bus 
devices as the least significant address bit. A0 is decoded 
in conjunction with -BHE to resolve the ambiguity of low 
byte vs whole word. (See -BHE). 


A20 through A23 


Address Bit 20 through Address Bit 23—These lines 
indicate the four most significant bits of address for 
memory operations with extended bus devices. It is 
recommended that a board have settable options for the 
decoding of these bits. These address bits are not 
available on the PC 6300. 


-BHE 


- Bus High Enable—This line indicates that a byte will 
be transferred on the high half of the data bus. It should 
be used to select the upper bank of memory (connected to 
the high half of the data bus) and I/O ports connected to 
the high half of the data bus. (See AQ) 


Data Group 


D8 through D15 


Data Bit 8 through Data Bit 15—These lines indicate 
the data on the high half of the data bus. A logical 1 is 
indicated by a high state on these lines. 


= 
Read/Write Control Group 


-XIOR 


- Extended Channel I/O Read—When low, this line 
controls an extended bus I/O port to drive its data onto 
the bus. When AEN is low (CPU control), the port is 
selected by AO through A13. When AEN is high (DMA 
control), the port is selected by -DACK1 or -DACK3. 


-xIOW 


- Extended Channel I/O Write—When low, this line 
controls an extended bus I/O port to read the data on the 
bus. When AEN is low (CPU control), the port is selected 
by AO through A13. When AEN is high (DMA control), 
the port is selected by -DACK1 or -DACKS. 


-XMRD 


- Extended Channel Memory Read—When low, this 
line controls an extended bus memory device to drive its 
data onto the bus. The device is selected by AO through 
A23. 


-XMWR 


- Extended Channel Memory Write—When low, this 
line controls an extended bus memory device to read the 
data on the bus. The device is selected by AO through 
A23. 


-FAST 


When driven low, the current bus cycle will terminate. 
This signal should be driven with an open-collector 
driver. 
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Signal I Description 
Timing and Control Group —| 
-16BCH Extended Channel Enable: This line is used to 


identify a slave device as an extended bus device. When 
pulled low (active) by a slave device at the start of an 
operation the data bus conversion is disabled, the 
extended read/write control signals are enabled, and the 
16-bit data bus is used to transfer the data. 
-ORDY Extended Channel Ready: This line is normally high 
and should be pulled low by an extended bus slave device 
in order to extend the period of a data transfer. 


Power. Ground, and Reserved Group | 


+5V Positive 5 Volt Power Source: These connections will 
provide power at +5 volts de. 


GND Ground Connection: These lines provide the return 
path for both signal and power connections to the system 
common ground. 


RSVD Reserved Connections: These lines are reserved on the 
system bus. They must not be used by boards in order to 
preserve full compatibility with past and future AT&T 
buses. 


GND 
AO 
-BHE 
-XMWR 
-XMRD 
XIOW 
-XIOR 
RSVD 
RSVD 
ORDY 
RSVD 
RSVD 
RSVD 
RSVD 
A22 
A20 
+5V 
RSVD 
-FAST 


Figure 3-3. Extended Bus Connector (EBC) 
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System Bus Devices 


The total system device space is divided into four separate device 
spaces, based on the address and/or control signals used to define 
each space. The four device spaces are: 


1 Memory devices 
2 VO Ports 

3 DMA devices 

4. Interrupt devices. 


The largest of the device spaces is Memory. It is defined as the 
device space decoded by the address lines and the Memory 
read/write control lines. This space is specified by up to 24 
address lines* (16M byte). 


Another of these spaces is the I/O Ports. A port is the part of the 
I/O device hardware which connects these devices to the system in 
the I/O address space. It is defined as the device space decoded by 
the address lines, the address enable signal, and the I/O 
read/write control lines. This space is specified by up to 12 
address lines (4K byte). 


The DMA is a very special space on the system bus. It is defined 
as the space decoded by the I/O read/write control lines and the 


> The PC 6300 and the PC 6300 PLUS when operating in the real-address mode 
provides only the first 20 address lines. 
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DMA acknowledge lines when the address enable signal has 
disabled the address lines for 1/0 space decoding. There are four 
locations in this space, i.e., four DMA Channels. (A DMA channel 
1s a connection between a DMA I/O port and the memory address 
space.) A cascaded DMAC cannot extend this space for any I/O 
device on the system bus because its acknowledge lines cannot be 
available on the system bus. 


The Interrupt space is defined as the space decoded by the 
interrupt acknowledge line and the Interrupt Cascade lines. There 
are 9 locations in this space, one of which is normally occupied by 
the Motherboard’s Interrupt Controller. 


Memory Devices 


A “memory device” is a hardware device that is connected to the 
system bus through the memory read/write control lines and the 
bus address lines. Physically, a memory device will consist of 
address and control decoders, data bus buffers and drivers, etc., 
and may share this circuitry with other parts of a device. A 
memory device is located in the Memory address space; its location 
is determined by how it decodes the bus address lines. If some of 
the address lines are ignored in the decoding circuitry (not an 
usual case), then a single memory device will occupy several 
address locations. The PC 6300 PLUS’s system bus provides for a 
total of 16M bytes of memory address space (A0/IA0 to A238). 


Memory devices can be connected to the extended bus and/or the 
basic bus. 
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Basic Bus Memory Devices 


A basic bus memory device uses the following bus signals to 
interface with the system: IA0, Al-A19, D0-D7, -IMRD, -IMWR, 
and BCRDY. A basic bus memory device is restricted to the first 
1M byte of address space, because the read/write control signals 
-IMRD and -IMWR on the basic bus are only guaranteed to be 
active between addresses 000000 hex and OFFFFF hex. Because 
there are only 8 data bits, a basic bus memory device can only 
perform byte transfers. In addition, there is no distinction 
between odd and even addressed memory locations, from the 
memory device’s perspective. From the bus master’s perspective, 
odd addressed byte-wide memory accesses will generally involve a 
“high-byte conversion,” and word transfers will be broken into 
pairs of byte transfers. 


Read from Basic Memory 


The following is a step-by-step description of the sequence of 
events involved in reading a byte from basic bus memory. The 
sequence is the same for both even and odd addresses. Refer to 
the timing diagram shown in Figure 3-4. 


J The bus master will drive the memory address onto address 
lines IAO and A1-A19. 


Q, The -IMRD line will go active (low) indicating a memory-read 
operation. At this point, the address lines will have been valid 
for several hundred ns (at least 200 ns) and the device should 
have a fully decoded and stable enable signal. 


3 The memory device is now fully informed that a read operation 
is occurring, and it will drive its data onto DO-D7. Assuming 
that no wait states are to be generated, the device must have 
the data stable no later than 495 ns after the falling edge of 
-IMRD. 


If the device cannot have its data stable in less than 495 ns, 
then it must pull the BCRDY line low no later than 250 ns 
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after the falling edge of -IMRD, and hold it low until the data 
is ready. The total time that the BCRDY line is held low must 
be no greater than 2 us. Thus the maximum time allowed, 
using wait states, from -IMRD low to data stable is 2.50 us. 


4 -IMRD returns high, signalling the end of the memory read 
cycle. The device must then stop driving the data bus within 
60 ns. Basically, the -IMRD signal should be very close in the 
circuitry to the data bus buffer enable, e.g., no more than one 
or two LS gates. 
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Figure 3-4. Timing Diagram—Read from Basic Memory 


3-16 


System Bus Devices 


Bus Expansion Interface 
ee 


Write to Basic Memory 


The following is a step by step description of the sequence of 
events involved in writing a byte to basic bus memory. The 
sequence is the same for both even and odd addressed memory. 
Refer to the timing diagram shown in Figure 3-5. 


1 The bus master will drive the device address onto address lines 
TA0 and A1-A19 and then the data byte onto data lines D0-D7. 


2 The -IMWR read/write control line will go active (low) 
indicating a memory-write operation. At this point, the 
address lines will have been valid for at least 200 ns and the 
device should have a fully decoded and stable enable signal. 
Also, the data lines will have been stable for a minimum of 110 
ns. 


8 The memory device should latch the data from D0-D7 when 
-IMWR is active. The data will be valid for about 500 ns from 
the leading edge of -IMWR. 


If, for some reason, the device is unable to latch the data 
within 500 ns of the falling edge of -IMWR, the device may 
pull the BCRDY line low no later than 250 ns after the falling 
edge of -IMWR, and hold it low until it is able to latch the 
data. The total time that the BCRDY line is held low must be 
no greater than 2 us. 


4 -IMWR returns high, signalling the end of the memory device 
write cycle. 
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Figure 3-5. Timing Diagram—Write to Basic Memory 


Extended Bus Memory Devices 


An extended bus memory device uses the following bus signals to 
interface with the system: A0-A23, D0-D15, -XMRD, -XMWR, and 
-ORDY. An extended bus memory device may be located 
throughout the entire 16M-byte memory address space. Any device 
that uses -XMRD and/or -XMWR must decode all 24 address bits. 
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Because the extended bus memory device uses 16 data bits, it can 
perform byte and word transfers. Odd and even addressed 
memory locations may be accessed by the master directly and word 
transfers can be completed in a single bus operation. For any 
memory read or write cycle on the extended bus, the CPU adds one 
wait state (unless this wait state is terminated by use of the 
-FAST signal), thus making the duration of the memory read cycle 
=500 ns. The external device can extend this time further by 
pulling the -ORDY line. If the DMA or another bus master is 
driving the bus, the cycles may be longer. 


Read from Extended Memory 


Reading from an odd-byte memory location is almost identical to 
reading from an even-byte location. Odd addressed byte-wide 
memory drives the high half of the data bus (D8-D15) and even 
addressed byte-wide memory drives the low half of the data bus 
(D0-D7) during a read operation. The device uses the extended bus 
memory read control line, -XMRD, and pulls down on the 16-bit 
channel enable signal -16BCH to prevent a full bus conversion 
cycle. Thus, the sequence of events for reading from an odd-byte 
device is identical to that for reading from an even-byte device, 
except for the data lines that are driven. 


Reading from a word device (which must be at an even address) is 
only slightly different from reading from an even addressed byte 
device. The first difference is that for a word device, the bus 
master drives -BHE (bus high enable) active (low) along with the 
device address, as opposed to driving it inactive (high) for an even 
addressed byte device. The second, and rather obvious, difference 
is that the word device will drive all 16 data lines DO-D15 whereas 
the byte device only drives DO-D7. 


The following is a step-by-step description of the sequence of 
events involved in reading from an extended bus memory device. 
Refer to the timing diagram shown in Figure 3-6. 


The bus master will drive the device address onto address lines 
A0-A23, and indicate the enabling of the high byte of the bus 
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with the -BHE line. The type of data transfer is determined 
from the states of AO and -BHE as follows: 


Ao | -BHE Transfer Type 

0 | Word (even addressed) 
1 | Byte (even addressed) 
0 | Byte (odd addressed) 

1__| not defined 


0 
0 
1 
1 


2 The -XMRD control line will go active (low) indicating a 
memory-read operation. At this point, the address lines will 
have been valid for a minimum of 55 ns. The device must pull 
-ORDY within 35 ns to extend the cycle. 


3 The device must now pull down on the -16BCH line within 
30 ns from the falling edge of -XMRD. This informs the 
system that the device is an extended bus device, thus 
preventing a full bus conversion cycle. If the -16BCH signal is 
not pulled low within their time, additional wait states will be 
inserted. 


4 The device must present valid data on the data lines no later 
than 250 ns after -XMRD is valid. Even addressed byte-wide 
memory use data lines D0- D7, odd addressed byte-wide 
memory use data lines D8-D15, and word-wide memory devices 
use D0-D15. 


If the device is unable to present valid data in the time 
specified above, then it must pull down on the -ORDY line no 
later than when it pulls down on the -16BCH line. The device 
must then hold the -ORDY line low until valid data is present 
on the appropriate data lines. The total time that -ORDY is 
held low by the device must be no greater than 2 us. 


5 -XMRD returns high, signalling the end of the memory device 
read cycle. The device must then stop driving the data bus 
within 60 ns. Basically, the -XMRD signal should be very close 
in the circuitry to the data bus buffer enable, e.g., no more 
than one or two LS gates. 
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Figure 3-6. Timing Diagram—Read from Extended Memory 
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Write to Extended Memory 


Following is a step-by-step description of the sequence of events 
involved in writing to an extended bus memory device. The 
sequence is virtually the same for writing to odd addressed byte 
devices, even addressed byte devices, and (even addressed) word 
devices. The only differences are in the state of the bus high 
enable signal, -BHE, and in which data lines are used. These 
differences are covered in the following description. Refer to the 
timing diagram shown in Figure 3-7. 


The bus master will drive the device address onto address lines 
A0-A23, and indicate the enabling of the high byte of the bus 
with the -BHE line. The type of data transfer is determined 
from the states of AO and -BHE as follows: 


AO | -BHE Transfer Type 

0 | Word (even addressed) 
1 | Byte (even addressed) 
0 | Byte (odd addressed) 

1__| not defined 


Heoco 


2 -XMWR will go active (low) indicating a memory-write 
operation. At this point, the address lines will have been valid 
for a minimum of 55 ns. Also at this time, one wait state is 
automatically inserted. This gives the device more decode time 
before it must pull -ORDY down itself, if it will need an 
extended bus cycle. 


3 The device must now pull down on the -16BCH line within 
30 ns from the falling edge of -XMWR. This informs the 
system that the device is an extended bus device, thus 
preventing a full bus conversion cycle. If -16BCH is not pulled 
low within this time, additional wait states will be inserted. 


4 -XMWR will remain low for a minimum of 290 ns. The bus 
master will present valid write data on the data lines no later 
than 20 ns after the falling edge of -XMWR. The data will be 
on lines D0-D7 for even addressed byte-wide devices, on D8- 


3.22 System Bus Devices 


Bus Expansion Interface 


D15 for odd-byte devices, and on DO-D15 for word devices (even 
addressed by definition). The data will remain valid until the 
end of -XMWR (rising edge). The device must latch the data 


in this time. 
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Figure 3-7. Timing Diagram—Write to Extended Memory 
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If the device is unable to latch the data in the time specified 
above, then it must pull down on the -ORDY line no later than 
when it pulls down on the -16BCH line. The device must then 
hold the -ORDY line low until no sooner than 80 ns before it is 
ready to latch the write data. The total time that -ORDY is 
held low by the device must be no greater than 2 us. 


5 -XMWR returns high, signalling the end of the memory 
write cycle. 


-FAST Signal Usage for Memory Cycles 


The -FAST signal is useful in terminating the bus cycle sooner, 
thus overiding the default number wait states. For memory cycles 
on an extended bus, only one wait state is normally inserted (by 
default). To run with zero wait states, the -FAST signal must be 
pulled low within 40 ns from the falling edge of -XMRD or -XMWR 
going low. The -FAST signal should be pulled low with an 
open-collector device which is capable of driving a 330 9 pull-up 
resistor to +5 V. 


-XMRD 
(OR -XMWR) E f- 
-FAST | 
tFL}e— | tFH 
tL - -FAST LOW FROM MEMORY READ OR WRITE GOING LOW (40 ns MAX.) 


tey - -FAST GOING HIGH FROM MEMORY READ OR WRITE GOING HIGH 
(80 ns MAX.) 


Note: Some initial PC 6300 PLUS’s ignore the -FAST 
signal and will always add the default wait states. If using 
the -FAST signal, a card design should handle the case 
where the system ignores -FAST. This will ensure 
compatibility with all PC 6300 PLUS revisions and with 
the PC 6300 which does not support the -FAST signal. 
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Physically, an I/O port will consist of address and control 
decoders, data bus buffers and drivers. The DMAC uses the I/O 
read/write control lines while at the same time using the address 
lines to control memory, all ports must be disabled whenever AEN 
(DMA address enable) goes active (high). A port is located in the 
1/0 address space, its location determined by how it decodes the 
bus address lines. If some of the address lines are ignored in the 
decoding circuitry (as is often the case) then a single port will 
occupy several address locations. The PC 6300 PLUS’s system bus 
provides for a total of 16K I/O address space (A0/IAO to Al3). It 
is recommended that only the first 4K of I/O address space be 
used by external devices for full system compatibilities. 


Note: The DMA I/O port is a special case because it does 
not use the address lines. 


Basic Bus I/O Ports 


A basic bus I/O port uses the following bus signals to interface 
with the system: Al-A9, AEN, D0-D7, IA0, -IIOR, -IIOW, and 
BCRDY. All of these signals are available on the basic bus 
connector (BBC). A basic bus I/O device is restricted to the first 
1K byte of address space because the I/O read/write control lines, 
-IIOR and -IIOW, on the basic bus are only guaranteed to be active 
between addresses 000000 hex and 0003FF hex, else they are held 
inactive. 


Because there are only 8 data bits, a basic bus I/O device can only 
perform byte transfers. In addition, there is no distinction 
between odd and even addressed ports, from the I/O device’s 
perspective. From the bus master’s perspective, odd addressed 
byte-wide port accesses will generally involve a “high-byte 
conversion,” and word transfers will be broken into pairs of byte 
transfers. 
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Read from Basic Port 


The following is a step-by-step description of the sequence of 
events involved in reading from a basic bus I/O port. The 
sequence is the same for both even and odd addressed ports. Refer 
to the timing diagram shown in Figure 3-8. 


1 
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The AEN signal (DMA address enable) will be low, indicating 
that the read/write control lines are not being driven by the 
Motherboard DMAC. This is a requirement for I/O port 
accesses: I/O ports must be disabled when AEN is active 
(high). 


The bus master will drive the port address onto address lines 
TAO and A1-A13. 


-IIOR will go active (low) indicating an I/O read operation. At 
this point, the address lines will have been valid for more than 
200 ns and the port should have a fully decoded and stable 
enable signal. 


The I/O port is now fully informed that a read operation is 
occurring, and it will drive its data onto D0-D7. Assuming 
that no wait states are to be generated, the port must have the 
data stable no later than 495 ns after the falling edge of -IIOR. 


If the port cannot have its data stable in less than 495 ns, then 
jt must pull the BCRDY line low no later than 250 ns after the 
falling edge of -IIOR, and hold it low until data is stable. The 
total time that the BCRDY line is held low must be no greater 
than 2 us. Thus the maximum time allowed, using wait states, 
from -IIOR low to data stable is 2.45 us. 


-IIOR returns high, signalling the end of the I/O port read 
cycle. The port must then stop driving the data bus within 60 
ns. Basically, the -IIOR signal should be very close in the 
circuitry to the data bus buffer enable, e.g., no more than one 


or two LS gates. 
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Figure 3-8. Timing Diagram—Read from Basic Port 
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Write to Basic Port 


The following is a step-by-step description of the sequence of 
events involved in writing a byte to a basic bus I/O port. The 
sequence is the same for both even and odd addressed ports. Refer 
to the timing diagram shown in Figure 3-9. 


1 The AEN signal (DMA address enable) will be low, indicating 
that the read/write control lines are not being driven by the 
Motherboard DMAC. This is a requirement for I/O port 
accesses: I/O ports must be disabled when AEN is active 
(high). 


2, The bus master will drive the port address onto address lines 
IAO and A1-A15, and then the data byte onto data lines DO-D7. 


3 -IIOW will go active (low) indicating an I/O write operation. 
At this point, the address lines will have been valid for at least 
200 ns and the port should have a fully decoded and stable 
enable signal. Also, the data lines will have been stable for a 
minimum of 110 ns. 


4 The I/O port should now latch the data from DO-D7, using the 
leading (falling) edge of -IIOW. The data will be valid for 
about 500 ns from this falling edge, but it will not be valid at 
the trailing (rising) edge of -IIOW. 


If, for some reason, the port is unable to latch the data within 
500 ns of the falling edge of -IIOW, the port may pull the 
BCRDY line low no later than 250 ns after the falling edge of 
-IIOW, and hold it low until it is able to latch the data. The 
total time that the BCRDY line is held low must be no greater 
than 2 us total. 


5 -IIOW returns high, signalling the end of the I/O port write 
cycle. 
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Figure 3-9. Timing Diagram—Write to Basic Port 
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Extended Bus I/O Ports 


An extended bus I/O port uses the following bus signals to 
interface with the system: IA0, Al-A13, -BHE, D0-D15, -XIOR, 
-XIOW, -ORDY, -16BCH, and AEN. An extended bus I/O port 
may be located throughout the entire 4K-byte I/O address space. 
See beginning of I/O Ports. See Figure 2-19. Having access to all 
16 data lines, an extended bus I/O port can perform both byte and 
word transfers. In addition, because the bus converter circuitry 
does not perform a full cycle, transfers take less time to complete. 
The subsections that follow describe the sequences of events 
involved in reading from and writing to odd addressed byte ports, 
even addressed byte ports, and even addressed word ports. The 
bus master deals with odd addressed word ports as pairs of byte 
ports, so there is no separate discussion of them. 


Read from Extended Port 


Reading from an odd-byte port is a special case because the bus 
converter circuitry does perform a high-byte conversion. This 
conversion is to meet Motherboard circuit requirements, and 
makes it necessary for odd addressed, byte-wide ports to drive the 
low half of the data bus (D0-D7) during a read operation, rather 
than the high half as would be expected. The port still uses the 
extended bus I/O read control line -XIOR, and still pulls down on 
the 16-bit channel enable signal -16BCH to prevent a full bus 
conversion cycle. Thus, the sequence of events for reading from an 
odd-byte port is identical to that for reading from an even-byte 
port, including the data lines that are driven. 


Reading from a word port (which must be at an even address) is 
only slightly different from reading from an even addressed byte 
port. The first difference is that for a word port, the bus master 
drives -BHE (bus high enable) active (low) along with the port 
address, as opposed to driving it inactive (high) for an even 
addressed byte port. The second, and rather obvious, difference is 
that the word port will drive all 16 data lines D0-D15 whereas the 
byte port only drives D0-D7. 
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The following is a step-by-step description of the sequence of 
events involved in reading from an extended bus I/O port. Refer 
to the timing diagram shown in Figure 3-10. 


1 The AEN signal (DMA Address Enable) will be low, indicating 
that the read/write control lines are not being driven by the 
Motherboard DMAC. This is a requirement for I/O port 
accesses: I/O ports must be disabled when AEN is active 
(high). 


2 The bus master will drive the port address onto address lines 
A0-A15, and indicate the enabling of the high byte of the bus 
with-the -BHE line. The type of data transfer is determined 
from the states of AO and -BHE as follows: 


AO | -BHE Transfer Type 
0 0 Word (even addressed) 
0 1 Byte (even addressed) 
1 0 Byte (odd addr d) 
1 1 not defined 


3 -XIOR will go active (low) indicating an I/O read operation. 
At this point, the address lines will have been valid for a 
minimum of 130 ns. Also at this time, the on board wait-state 
logic will start adding wait states. This gives the port more 
decode time before it must pull -ORDY down itself, if it will 
need an extended bus cycle. 


4. The port must now pull down on the -16BCH line within 320 ns 
from the falling edge of -XIOR. This informs the system that 
the port is an extended bus device, thus preventing a full bus 
conversion cycle. 
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The port must present valid data on the data lines no later 
than 500 ns after -XIOR goes low. Both odd and even 


addressed byte-wide ports use data lines D0-D7, and word 
ports use D0-D15. 


If the port is unable to present valid data in the time specified 
above, then it must pull down on the -ORDY line no later than 
when it pulls down on the -16BCH line. The port must then 
hold the -ORDY line low until valid data is present on the 
appropriate data lines. The total time that -ORDY is held low 
by the port must be no greater than 2 us. 


-XIOR returns high, signalling the end of the I/O port read 
cycle. The port must then stop driving the data bus within 60 
ns. Basically, the -XIOR signal should be very close in the 
circuitry to the data bus buffer enable (e.g., no more than one 
or two LS gates). 
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Figure 3-10. Timing Diagram—Read from Extended Port 


Write to Port 


Following is a step-by-step description of the sequence of events 
involved in writing to an extended bus I/O port. The sequence is 
virtually the same for writing to odd addressed byte ports, even 
addressed byte ports, and (even addressed) word ports. The only 
differences are in the state of the bus high enable signal, -BHE, 
and in which data lines are used. These differences are covered in 
the following description. Refer to the timing diagram shown in 
Figure 3-11. 
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J The AEN signal (DMA address enable) will be low, indicating 
that the read/write control lines are not being driven by the 
Motherboard DMAC. This is a requirement for I/O port 
accesses: I/O ports must be disabled when AEN is active 
(high). 


Q The bus master will drive the port address onto address lines 
A0-A13, and indicate the enabling of the high byte of the bus 
with the -BHE line. The type of data transfer is determined 
from the states of AO and -BHE as follows: 


Ao | -BHE |___Transfer Type 

0 Word (even addressed) 
3 Byte (even addressed) 
0 Byte (odd addressed) 

1 not defined 


wHoeo 


3 -XIOW will go active (low) indicating an I/O write operation. 
At this point, the address lines will have been valid for a 
minimum of 55 ns. Also at this time, the on board wait-state 
logic will start adding wait states. This gives the port more 
decode time before it must pull -ORDY down itself, if it will 
need an extended bus cycle. 


4 The port must now pull down on the -16BCH line within 190 ns 
from the falling edge of -XIOW. This informs the system that 
the port is an extended bus device, thus preventing a full bus 
conversion cycle. 


5 -XIOW will remain low for a minimum of 500 ns. The bus 
master will present valid write data on the data lines no later 
than 40 ns after the leading (falling) edge of -XIOW. The data 
will be on lines DO-D7 for even addressed byte wide ports, on 
D8-D15 for odd byte ports, and on D0-D15 for word ports (even 
addressed by definition). The data will remain valid until the 
trailing (rising) edge of -XIOW. The port must latch the data 
in this time. 
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If the port is unable to latch the data in the time specified 
above, then it must pull down on the -ORDY line no later than 

when it pulls down on the -16BCH line. The port must then 
hold the -ORDY line low until no sooner than 80 ns before it is 
ready to latch the write data. The total time that -ORDY is 
held low by the port must be no greater than 2 HS. 


6  -XIOW returns high, signalling the end of the I/O port 
write cycle. 


ty 
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Figure 3-11. Timing Diagram—Write to Extended Port 


System Bus Devices 3-35 


Bus Expansion Interface 


-FAST Signal Usage for I/O Cycles on the Extended Bus 


pesca ee on the extended bus have 6 wait states 
nserted by default. These can be red: y pulling - " 
described below. Seer Te 


If -FAST is Dulled low within 80 ns after -XIOR or -XIOR is low, 
only one wait state gets added. If the -FAST signal is pulled low 
80 + (n * 166) ns after -XIOR or -XIOW are active (n = 0, 1, 2, 3, 
etc.), 2 + 1 wait states get added. -FAST should be inactive within 
80 ns after -XIOR or -XIOW is inactive. -FAST should be pulled 
low with an open-collector device which is capable of driving a 

330 2 pull-up resistor to +5 V. 


-XIOR = f= 


(OR -XIOW) 


-FAST 
TEL be teH fe 
trL - -FAST LOW WITHIN 80 ns AFTER -XIOR (OR-XIOW) IS LOW. 
trH - -FAST HIGH WITHIN 80 ns AFTER -XIOR (OR-XIOW) IS HIGH. 


I/O Address Space and Map 


It is not possible to provide a comprehensive map of I/O addresses 
which are used in the PC 6300 PLUS’s due to the proliferation of 
optional boards which are compatible with the bus. Some ports 
are already used on the Motherboard and some ports are reserved 
for future use. Any decoding that is in conflict with the ports used 
in the Motherboard will result in improper operation of the 
system. Partial decoding of I/O addresses should be avoided to 


ensure proper operation. 


The table in Chapter 2, I/O Port Select Logic shows the total 
system I/O space, identifying addresses which have been allocated 
to the system and known external devices. Before completing the 
design of any optional device, be careful to check other devices 
which are expected to be co-resident for possible conflicts. 
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From time to time, it is necessary to move large amounts of data 
from I/O to Memory and vice versa. This task, if performed by the 
CPU, may require a fairly complex program loop and consequently 
may not be very efficient. In order to increase the efficiency and 
throughput of the system, the PC 6300 PLUS’s system includes a 
DMAC for this type of task. While it is possible to achieve 
memory-to-memory transfers using the Intel 8237A DMAC, the 
CPU is actually capable of more efficiency. Thus the PC 6300 
PLUS’s system bus does not allow for memory-to-memory DMA 
operations. 


DMA service is initiated by a hardware request. An I/O port 
which is either a source or a destination for a DMA transfer must 
be a special port called a DMA I/O port. This port does not 
connect to the address lines but is enabled by a DMA acknowledge 
line. Memory which is either a source or a destination for a DMA 
transfer requires no special characteristics and thus is not 
described separately here. 


DMA Operation 


Initializing a DMA Channel 


Prior to initiating DMA service, several parameters must be 
established in the DMAC internal registers and an external device 
known as the page register. Internal to the DMAC, operating 
modes, priorities, masks, base addresses, and address 
increment/decrement must be programmed for each operating 
channel prior to a DMA service request. The external page 
registers must be programmed with the eight bits indicating which 
of the 256 possible 64K-byte pages is the target of the base 
address. Information about programming the DMAC and page 
register is given in the System Programmer’s Guide. 
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DMA Controller (DMAC) 


The DMAC operates in one of two possible cycles: idle cycle and 
active cycle. When no channel is requesting DMA service, the 
DMAC will enter the idle cycle. In this cycle, the DMAC will wait 
for a channel to request service or for the CPU to access the 
DMAC internal registers. When the DMAC is selected and the 
CPU has control of the bus, the DMAC enters the program mode. 
In this mode, the CPU may access the internal registers as I/O 
ports at locations 0000 hex to 000F hex. 


When the DMAC is in the idle cycle and a non-masked channel 
requests a DMA service, the DMAC enters the active cycle. A 
DMA transfer may be requested from software by setting the 
request bit on any channel which is programmed for the block 
transfer mode. A device on the system bus may request a DMA 
transfer by raising the appropriate DREQ line until the request is 
acknowledged by the DMAC. 


DMA Service 


On the PC 6300 PLUS’s System Bus, each channel of the DMAC 
provides three active cycle transfer modes. These are: 
single-transfer mode, block-transfer mode, and demand-transfer 
mode. The memory-to-memory transfer mode is not supported by 
the on board DMAC. These modes are selected by writing the 
proper bytes into the mode Register of the DMAC. Each active 
mode behaves uniquely in terms of it’s method of repeating. The 
following discussion describes the initiation and service of aDMA 
request. The characteristics of the three transfer modes is 
described after the common events required for I/O to memory 
and memory to I/O service. 
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1/0 to Memory Transfer 


1 The external device drives the appropriate DMA request line, 
DRQ1-DRQ3, active (high). 


2 The DMAC will recognize the request according to priority and 
obtain control of the bus from the CPU. 


3 The DMA address enable, AEN will already be driven active 
(high) by the DMAC. 


4 The DMAC will drive the address onto address lines A0-A15. 
The page register will drive the page address onto address 
lines Al6-A23. 


5 The DMAC simultaneously drives -IIOR and -IMWR to their 
inactive (high) states. 


6 The DMAC drives the corresponding -DACK line active (low) 
to acknowledge the DMA request. DREQ may be released at 
this time depending on the mode of operation. 


"7 The DMAC drives the -IIOR line active (low). The DMA I/O 
port must drive its data onto the data bus. After -IIOR goes 
active, the DMAC drives -IMWR active (low). 


8 After -IMWR goes active, the DMAC drives both -IIOR and 
-IMWR inactive, increments (or decrements) the address 
counter, decrements the transfer counter, and the process 
continues according to the transfer mode. 


a ss Se 
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Memory to I/O Transfer 


1 


The external device drives the appropriate DMA Request line, 
DRQ1-DRQ3, active (high). 


The DMAC will recognize the request according to priority, 
obtain control of the bus from the CPU, and acknowledge the 
request by driving the corresponding -DACK line active (low). 


The DMA Address Enable, AEN will already be driven active 
(high) by the DMAC. 


The DMAC will drive the address onto address lines A0-A15. 
The page register will drive the page address onto address 
lines A16-A23. 


The DMAC simultaneously drives -IIOW and -IMRD to their 
inactive (high) states. 


The DMAC drives the corresponding -DACK line active (low) 
to acknowledge the DMA request. 


The DMAC drives the -IMRD line active (low). The memory 
device must drive it’s data onto the data bus. After -IMRD 
goes active, the DMAC drives -IIOW active (low). The DMA 
I/O port must latch the data on the bus into it’s data latch. 


After -IIOW goes active, the DMAC drives both -IMRD and 
-IIOW inactive, increments (or decrements) the address 
counter, decrements the transfer counter, and the process 
continues according to the transfer mode. 
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Single Transfer Mode 


9 If DREQ is held active throughout the entire transfer, the 
DMAC will release the bus to the CPU and then immediately 
request it again. When the DMAC obtains control of the bus 
again, the operation will restart at Step 3 and continue until a 
terminal count is generated by the transfer counter 
decrementing from zero to FFFF hex. This mode will ensure 
one full CPU cycle between DMA transfers. 


If DREQ is released upon detection of the -DACK going active, 
the DMAC will release the bus to the CPU and the transfer 
will cease until another DREQ is issued. 


Block Transfer Mode 


Q Regardless of the condition of DREQ, the transfer will restart 
at Step 3 and continue until a terminal count is generated by 
the transfer counter decrementing from zero to FFFF hex. 


Demand Transfer Mode 


Q If DREQ is held active throughout the entire transfer, the 
operation will restart at Step 3 and continue (without releasing 
the bus to the CPU) until DREQ is released or until a terminal 
count is generated by the transfer counter decrementing from 
zero to FFFF hex. This mode will allow the external device to 
control DMA transfers based on its conditions such as 
availability of data, other activities, etc. 
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DMA I/0 Port 


An 1/0 port which operates in conjunction with the DMAC is a 
unique type of I/O port. The DMA I/O port does not use the bus 
address lines to enable its connection to the bus for a data 
transfer. Instead, the DMA I/O port should connect to the bus 
when the appropriate DACK line is active. At that time, the DMA 
1/0 port recognizes the I/O read/write control lines to affect its 
data transfer. The DMA I/O port is required to operate at a 
higher transfer rate than other I/O ports. This is to avoid slowing 
the DMA operation because of the speed of the I/O port. 
Typically, this requires a local buffer memory connected to the 
DMA I/O port and the operation of the DMA channel in bursts 
related to the size of this buffer. 


Channel Assignments 


DMA channel 0 is dedicated to refresh of the system Dynamic 
Memory devices. It is not possible for an external device to 
request DMA channel 0. 


DMA channel 1 is available on the system bus for use by 
external devices. 


DMA channel 2 is available on the system bus for use by 
external devices. Conventionally, this channel is used exclusively 
by the MFDC. In the case that the MFDC is located on the system 
Motherboard, this channel is not available on the system bus for 
use by external devices. It is not possible for this channel to be 
shared by external devices. 


DMA channel 3 is available on the system bus for use by 
external devices. Conventionally, this channel is used exclusively 
by the HDC. If should be noted that special circuitry exists on the 
Motherboard to accelerate DMA operations on DMA channel 3. 
This novel hardware technique, named DMA Acceleration, causes 
128-byte block transfers to occur under the Demand Transfer mode 
of the DMAC—allowing very fast transfers to and from the HDC. 
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Microcomputer system design requires that I/O devices be serviced 
efficiently so that most or all of the total system peripheral tasks 
can be assumed by the microprocessor with little or no degradation 
of throughput. If the CPU is required to interrogate every 1/0 
device at regular intervals to determine their status, a large 
amount of the system capacity is absorbed in this overhead 
processing. This technique, called polling, is used in smaller 
systems with very few (and usually regular) peripheral tasks. A 
large microprocessor system such as the PC 6300 PLUS’s system 
could not maintain its high levels of efficiency with this approach. 


The alternative to polling is to use an interrupt scheme. With this 
technique, peripheral devices are able to notify the CPU when they 
are ready for a data transfer. Encoding these interrupt requests 
according to a set of priorities allows several peripheral devices to 
make requests concurrently and for the CPU to process these 
requests according to their assigned importance. Through 
software, the system programmer can adapt the system 
performance to suit a variety of circumstances by modifying the 
Interrupt Controller’s priority assignment and the service routines 
associated with the interrupts. 


Non-maskable Interrupt (NMI) 


The NMI is available to optional devices on the system bus through 
the -CHCK line. An NMI may be generated by a device on the bus 
lowering the -CHCK line. The -CHCK line is conditioned with 
other system signals before generating a NMI. The NMI service 
routine is, by default, simply a return from interrupt (IRET). 


An optional device may initiate NMI by lowering the -CHCK line 
and holding it low for a minimum of 250 ns. This line is 
asynchronous to the system clocks. When the CPU recognizes the 
NMI input, the current contents of the flags register are pushed 
onto the stack, the interrupt enable and trap bits in the flags 
register are cleared (disabling maskable and single-step interrupts) 
and the long address at vector 2 is loaded into the CS and IP 


System Bus Devices 3-43 


Bus Expansion Interface 
SE 


registers. Control is thus transferred to the service routine 
pointed to by vector 2. 


Interrupt Requests 


Intel 8259A Programmable Interrupt Controller 


The PC 6300 PLUS features a programmable, 8-level, prioritized 
Interrupt Controller for managing the service of I/O devices on the 
system bus. This interrupt channel is provided primarily by the 
Intel 8259A Programmable Interrupt Controller (PIC). 


The PIC provides 8 priority levels of interrupt requests and can be 
expanded to 64 levels by cascading additional interrupt controllers. 
It is programmable as a basic bus I/O device. The PIC is 
initialized during the bootstrap routine after each reset. The 
operating mode of the controller is initialized to the following 
operating modes: 


1 Edge Triggered Mode 
The interrupt request will be recognized by a low to high 
transition on the interrupt request (IRQ) line. 


2. Normal EOI 
The in service (IS) bit of the PIC will be reset upon an end of 
interrupt command. There are two types of EOI commands, 
specific and non-specific. The non-specific may be used in the 
general case, but a specific EOI command may be required in 
case of a cascaded Interrupt Controller. 


3 Buffered Mode, Master 
This allows the PIC to control the buffers connecting the 
controller to the system bus according to the conditions in the 
system (external interrupt master, external bus master, etc.) 
The PIC must be programmed to be either a master or slave in 
this mode. The default selection is master. 
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4 Fully Nested Mode 
In this mode, the interrupt requests are ordered in normal 
priority form (0=highest, 7=lowest). While an interrupt is 
being serviced, the IS bit is set, further interrupts of the same 
or lower priority are disabled while higher priority levels will 
generate an interrupt request. 


Interrupt Assignments and Priorities 
The 8-level prioritized Interrupt Controller receives interrupt 


requests from devices on the system bus as well as the following 
primary interrupt request lines: 


Interrupt Description 
TRQO Programmable Interval Timer 


IRQ Keyboard Controller and Time-Slice Timer 
TRQ2 Available for External Devices 
IRQ3 Available for External Devices (COM2) 


IRQ4 Async Communications (COM1) 
IRQS Available for External Devices HDC 
IRQ6 MFDC 


{-1rq7__| Parallel Printer Interface 


Note: It is important that interrupt request lines be 
properly mated with their service routines. If more than 
one device is to use an interrupt request line, then the 
service routine must have some way of determining the 
source of the interrupt. 


The priorities of the 8 IRQ lines is normally in ordered form 
(0=highest, 7=lowest). This priority assignment may be changed 
in two ways. 


The priority sequence may be rotated either automatically or on 
command. When the priority sequence has been rotated, a new 
IRQ line is at the lowest priority and the next ordered line is at 
the highest priority. This is useful in an application with a 
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number of devices at an equal priority. Each time a request is 
serviced, that request line is set to the lowest priority. In this 
way, all devices share priority status equally. 


Another Way to change priorities is by masking the interrupt 
request lines. Each IRQ line may be individually masked so that a 
request on that line is not processed. 


Using an Interrupt Request Line 


When a device on the system bus generates an interrupt request, a 
particular sequence of events will take place. The following 
illustrates these events with the PIC upon generation of an 
interrupt request: 


1. One or more of the IRQ lines are raised to a high level. The 
PIC evaluates the request on the basis of its programmed 
condition. It then sends an INTR to the CPU, if appropriate. 


2 Upon receiving the INTR, the CPU floats the address/data bus 
and then acknowledges the INTR by responding with an -INTA 
pulse. Upon receiving the -INTA pulse, the PIC latches the 
request into the in service register (ISR). 


3 The CPU then sends a second -INTA to the PIC. Upon 
receiving this second -INTA, the PIC drives the Interrupt 
Vector Type (an 8-bit pointer) corresponding to the original 
request onto the Data Bus to be read by the CPU. 


4 The CPU then multiplies this interrupt vector type by 4 and 
uses the result as an address pointing to the Interrupt Service 
Routine for the particular request it is now servicing. The PIC 
may end its interrupt sequence either on command at the end 
of the interrupt service routine or automatically if the AEOI 


mode is selected. 
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When designing an optional device to interface to the PC 6300 
PLUS system bus, it is necessary to follow some basic guidelines to 
avoid incompatibilities with other equipment and between systems. 
These guidelines include choice of connections and signals, 
compatibility, driving and loading the bus, and using system 
power. Each of these items is discussed in this section, including 
recommendations about the design choices to be made. There are 
no hard and fast rules, so it is important to consider all the 
information before making decisions. 


Initial Design Choices 


To design a device, you must first define what operations are to be 
performed by the device. This should include the type of 
operation, the data bus width for the operation, and the address 
range for the operation. From this it is possible to determine the 
essential characteristics of the device to be designed. The variety 
of possible devices may be grouped into two classes according to 
their performance criteria. 


The basic bus slave device is the simplest class of device which 
may be interfaced to the system bus. This type of device is likely 
to suit the majority of needs for optional devices. The primary 
advantage of the extended bus device is that it can utilize the full 
16-bit data bus. Additionally, it has the potential to utilize a 
physical memory address space of 16M Byte. The following table 
summarizes the capabilities of each device: 
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Feature Basic Bus | Extended Bus. 
Read 1/0 Port yes 
Write 1/0 Port S 
Operation | Read Memory s 
Typed Write Memory s 
Request DMA. Ss 
DMA 1/0 Port s 
Request Interrupt Ss 
Data Bus bei yes 
16 bit no yes 
Address 1/O space 1K Byte 16K* Byte 
Range Memory space 1M Byte 16M Byte 


It is possible to design the interface such that the optional device 
can take advantage of the improved performance of the PC 6300 
PLUS system bus, i.e., the EBC, without loosing compatibility with 
other manufacturer’s equipment, i.e., BBC. To accomplish this, the 
interface must be capable of transferring data as either a basic bus 
device or an extended bus device. The interface should provide a 
pull down load (about 4.7 KM) on the +5 V power supply on the 
extended bus connector and a means of detecting the status of this 
line. If the interface is operating in an extended bus slot, the +5 V 
line will be high. The interface can then transfer data on the 
extended bus by lowering the -16BCH line for the transfer. If the 
interface is operating in a basic bus slot, or is compatible with 
other equipment, the +5 V line will not be driven and thus will be 
pulled low. This approach will allow devices to function in most 
manufacturer’s equipment without sacrificing performance in the 
PC 6300 PLUS/PC 6300 family. 


———— 
* See beginning of I/O Ports. 
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Compatibility 


The BBC contains all signals in the same arrangement as the 
system bus found in the IBM PC/XT. With few exceptions, 
optional devices which will work with that bus can be expected to 
work with the PC 6300 PLUS system bus. 


The most severe troubles can be caused by devices which are 
particularly critical about the timing on the bus. These devices 
usually have difficulty working properly in any system except the 
one for which they were designed. The PC 6300 PLUS has some 
specific timing differences as outlined below. 


The CPUs used in the PC 6300 PLUSs/PC 6300s are running faster 
than in other systems and signals or control lines will appear and 

disappear faster than on other buses. This is not a problem if the 

optional device uses the Ready lines correctly. 


The CLOCK signal supplied on the PC 6300 PLUS is 4.77 MHz as it 
is on the IBM PC/XT. 


Potential system incompatibilities can be caused by differences of 
software. The ROM BIOS of each manufacturer’s equipment is 
necessarily different in order to avoid copyright infringement. 
Although they are functionally equivalent, they are internally 
different. 


The most common problem for interface software is introduced 
when the routine jumps to a particular location in the ROM. In 
one manufacturer’s ROM, this location may contain certain codes 
while another ROM may be quite different. The ROM BIOS should 
be used only by making INT calls to the ROM. This will remove 
the dependencies of the interface software on the specific design of 
the ROM. Another class of problems occur when the software 
executes a software generated timing loop. In such cases, a 
machine with a faster CPU will exit the loop faster, which might 
have idle side effects. 
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Decoding Addresses 


Each device on the system bus must have a unique combination of 
address line and control signal states which enables the device for 
a data transfer. The control signal states determine the device 
address space and the address lines determine the specific location 
of the device in that space. 


Memory Address Space 


A device is located in the memory address space if it requires an 
active state on the memory read/write control lines to affect a 
data transfer. 


A basic bus device in the memory address space uses control lines 
-IMRD and -IMWR. Its memory is organized as bytes in a linear 
sequence with each bit of the byte corresponding to one of the 
lower 8 data lines. Each byte is selected by a particular 
combination of states on lines IAO and Al through A19. 


An extended bus device in the memory address space uses control 
lines -XMRD and -XMWR. Its memory is organized as words in a 
linear sequence with each bit of the word corresponding to one of 
the 16 data lines. Each word is selected by a particular 
combination of states on lines Al through A23. 


For practical reasons, a contiguous block of memory is seldom 
larger than 1M byte. Occasionally, it is convenient to allow system 
users the flexibility to locate a block of memory inside any one of 
the 16 available 1M-byte regions. This will allow devices which 
would ordinarily overlap in their memory address space to be co- 
resident in one system. Of course, the application software must 
allow for this relocation of the address space. This may be 
implemented either in hardware (by switches) or in software (1/0 


port). 
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I/O Address Space 


A device is located in the 1/0 address space if it requires an active 
state on the I/O read/write control lines to effect a data transfer. 


A basic bus device in the I/O address space uses control lines IIOR 
and IIOW. Its ports are organized as bytes in a linear sequence 
with each bit of the byte corresponding to one of the lower 8 data 
lines. Each byte is selected by a particular combination of states 
on lines IAQ and Al through A9. 


An extended bus device in the I/O address space uses control lines 
XIOR and XIOW. Its ports are organized as words in a linear 
sequence with each bit of the word corresponding to one of the 16 
data lines. Each word is selected by a particular combination of 
states on lines Al through A13. See beginning of I/O Ports. 


DMA I/O Space 


A device is located in the DMA I/O space if it requires an active 
state on the DMA acknowledge and I/O read/write control lines to 
affect a data transfer. 


A device in the DMA I/O space uses control lines -IIOR, -IIOW, 
and -DACKO to -DACKS. Its ports are organized as bytes with 
each bit of the byte corresponding to one of the lower 8 data lines. 
Each byte is selected by an active state on one of the DMA 
Acknowledge lines, -DACKO through -DACK3. 


Drive and Load Requirements 


The PC 6300 PLUS system bus allows devices to connect to each of 
the signal lines with a maximum of 2 equivalent low-power 
Schottky (LS) loads. Typically, low-power Schottky devices are 
used in optional devices and their input current requirements are 
about half of the TTL equivalent load. 
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Devices which drive the bus must supply the same current as the 
Motherboard bus drivers even though they may only communicate 
with the Motherboard or with another optional device. This is true 
because all other devices on the bus are listening to the bus signals 
all of the time. This requirement is a maximum output current at 
logic 0 (low level) of 24mA and at logic 1 (high level) of -15mA. 
Devices such as 74L$245 and 74LS373 are well suited to this 
application. 


Extending Operation Cycles 


Many optional devices may not be able to complete their data 
transfer in a standard bus cycle. For that reason, the PC 6300 
PLUS system bus provides two lines which may be used to extend 
the bus cycle by up to 1 us. Basic bus devices should drive the 
BCRDY line low as soon as their addressing conditions have been 
met. The system bus will wait with the address and control line 
status (and data if a write operation) present on the bus. The 
basic bus device should release this line as soon as it is ready to 
complete the data transfer. Releasing this line will allow the 
read/write control line to return high and the master device to 
complete the operation. An extended bus device should use the 
-ORDY line for the same effect. Holding the BCRDY or -ORDY 
line low for longer than 1 us will risk missing a DMA refresh cycle 
and loss of data in the system memory. 


Using System Power 


External devices which use the system power should provide de- 
coupling of the power source from local dynamic loads (TTL 
devices). This can be done by connecting bypass capacitors of 
proper value and dielectric material between the power and ground 
connections close to each TTL device. Typical de-coupling for a 
digital circuit board would include a 0.1 uF ceramic capacitor at 
each TTL device and a 100 wF tantalum capacitor at the main 
power connection to the circuit. 
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The total Power available on the system bus is to be shared 
between all optional devices. While it is true that a single device 
consuming the available system power would be technically 
acceptable, this would preclude coexistence with other optional 
devices. It is advisable to consider that a particular optional 


device is allowed to consume the following power for each slot it 
occupies. 


Source | Voltage Current 
+5V | +50 Volt | 1.0 Amp 
5V -5.0 Volt | 0.015 Amp 
+12V_ | +120 Volt | 0.15 Amp 
-12V_| -12.0 Volt | 0.015 Amp 


This power limit corresponds to about 50 low-power Schottky TTL 
devices. 


Using The System Bus ro 


Display Controller 
and Display 
Enhancement 
Boards 


LSS ee] 


Display Controller Board ..................... 4-3 
Characteristics ss orion etd daiiecuakededaieln dha acue 4-3 


Principles of Operation 


Alphanumeric (A/N) } 4-5 
Graphics Mode—All Points Addressable 
(APA) 4-7 


Functional Description. . 
Data Bus Buffer .... 
Display Memory 
RAM Address Multiplexer . 
Graphic Output Stage ... 2 
ROM Character Generator ..... 
Character Underline and Blink Logic . 
Character Output Stage ....... 
I/O Registers 
Address Decoder .... 
Mode Circuit . “ 
Timing Logic . S 
6845 CRT Controller Logic .. 
Scrambler Circuit ......... 
Blanking, Arbitration, Ready Proces: 
Logic 
Blanking and Output Driver ................0000005 


Operating Modes ... 
Color Selection 
640 x 200 Graphics Mode 
640 x 400 Graphics Mode 
320 x 200 Graphics Mode. 
Alphanumeric Modes 


Display Boards 


Programming the I/O Registers 
Mode Select 1 Register—Output Only . 
Mode Select 2 Register—Output Only 
Color Select Register—Output On! 
Status Register—Input Only . 
Mode Selection .. . 
Programming the 6845 CRT Controller 
Programming Extended Screen Length... 


Display Interface Connector, J5.......000seeeeeeeeees 


Display Controller Board to Bus Expansion Board 
Interface ..... 


Display Enhancement Connector, J6 ......2--2+-+-e0085 
Configuration Jumper Settings .........0eeeeeeeeeeees 
Disable Option (P4 Display Controller Board 

Only) ectroke ¢. seis Pek oe ae ates Sore Tse Late Mee ete 


Display Enhancement Board 
(DEB): secur couse hae dane ced Tad ta neede ieee 


Overview . 


Functional Description 
Data Bus Buffer 
Display Memory 
Address Multiplexer 
I/O Circuits . 
LD. Circuitry 
Look-Up Table 
6845 CRT Controller Cireulry 
Timing Logi * 
Arbitration Circuit 
RAM Selecting Circuitr; 
Phase-Lock Circuitry 


DEB Connectors 
Enhancement Connector (J3) . 


Display Output Connector (J5) 
Display Power Connector (J4) 


Display Boards 


Display Controller Board 
oe a SS a ee 


Characteristics 


The Display Controller is designed to interface between the 
Motherboard and the Monochrome or Color Display. The Display 
Controller Board is attached perpendicularly to the Motherboard 
by the two lower connectors and has two connectors for connecting 
to the Bus Expansion Board. 


The Display Controller has two basic modes of operation: 
alphanumeric (A/N) and all points addressable graphics (APA). 

In the alphanumeric mode, the Display can be operated either in a 
40-column by 25-row mode, or in an 80-column by 25-row mode. In 
the 40x25 mode, character cell size is 16 dots by 16 dots. In the 
80x25 mode, character cell size is 8 dots by 16 dots. In the 
graphics mode, three resolutions are available: 


@ 640 by 400 monochrome graphics 
@ 640 by 200 IBM compatible monochrome graphics 
@ 320 by 200 IBM compatible color graphics. 


Monochrome graphics with a Monochrome Display means one 
shade of green on a dark background. With a color display, the 
background is black and the foreground is user selectable from 16 
colors. Color graphics with a monochrome display provides four 
values of intensity and with a color display four colors from a 
palette of 16 can be simultaneously displayed. The character 
attributes of reverse video, blinking, highlight, hide, and underline 
are available in the alphanumeric modes. With a Color Display, 16 
colors can be displayed simultaneously. With a Monochrome 
Display, instead of different colors, various shades of green can be 
displayed. The Display Controller Board contains 32K bytes of 
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arbitrated RAM for use as refresh memory, and supports one 
graphic bit plane. The Display Controller uses the 6845 CRT 
Controller chip, and operates in a noninterlacing scanning mode at 
either 24 MHz, 12 MHz, or 19 MHz—depending on the mode and 
resolution selected. A 60 Hz refresh rate provides flicker free 
viewing. 


Principles of Operation 


There are two ways the PC 6300 PLUS sends information to its 
Display screen. One way is to treat the Display screen like any 
other input/output (I/O) device, ie., such as sending various 
commands to the Display Controller. The second way is called 
memory mapping. In memory mapping, the computer writes 
information into the Display Controller memory; and the screen, 
which is continually scanning the memory, shows whatever is in it. 
The CPU can also see what is on the Display screen by simply 
reading what is in memory. 


Memory mapping is used for displaying data while I/O commands 
are used to control certain aspects of the display like cursor 
positioning, cursor size, clearing, resetting the display, and 
changing modes of operation. The Display Controller has its own 
memory and does not use the Motherboard’s memory. This built- 
in display memory has arbitration circuitry so that both the CPU 
and the display can access the display memory rapidly with 
minimum interference. The 80 by 25 alphanumeric mode circuitry 
is not dual ported and updates should occur only during horizontal 
or vertical retracing. 
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Alphanumeric (A/N) Mode 


The Display memory is addressed by the CPU as if it was part of 
the system memory. The starting address for the Ist bit plane is 
0B8000 hex. The Display RAM consists of 16K by 16 words or, 32K 
bytes, i.e., 0B8000 to OBFFFF. For each screen position, there are 
two bytes in memory. The first byte, at an even address location, 
specifies the character to be displayed on the screen and contains 
the ASCII code for the character. The second byte, at an odd 
location, is called the attribute byte. This byte controls the color 
in the case of a Color Display, or shades of green in the case of a 
Monochrome Display. It also controls blinking, brightness, and 
underlining for both kinds of Display. 


The first position on the screen at the top left corner, as shown in 
Figure 4-1, uses the first two bytes in the Display memory. The 
next position, one column to the right, uses the next two memory 
locations. This continues up to the end of the first row of the 
screen. At the end of each row, the memory map immediately goes 
to the beginning of the next row, so that the first column of the 
next row is mapped to the pair of bytes following the last column 
of the preceding row. There is no gap in the use of memory, and 
no boundary where one row ends and the next begins. This is 
shown in Figure 4-2. This means that in switching from an 
80-column mode to a 40-column mode, or vice versa, the map of 
rows and columns change. 


When in the 80-column mode, the display takes up 4000 bytes; 
while in 40-column mode, only 2000 bytes are needed. The rest of 
the 32K bytes of display memory is used to provide the text mode 
with multiple screen images called pages. So, there are either 
eight or sixteen pages for the two text modes. At any one time, 
the information stored in only one of the pages appears on the 
screen. The Display Controller switches from one page to another 
when a command is issued and the screen changes immediately. 
The starting address for each page is at 4096-byte intervals in 
80-column mode and at 2048-byte intervals in 40-column mode. 
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Figure 4-1. Display Memory Map, Character Mode 
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Figure 4-2. Display Rows to Memory Locations 
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Graphics Mode—All Points Addressable (APA) 


This Display Controller, when in the graphic mode, uses pixel 
graphics. In pixel graphics, the display screen is divided up into a 
rectangular grid of small picture elements called pixels. Each 
pixel can be lit or not lit and its color or intensity controlled, so 
that a pixel graphic display is made up of a series of small dots. 
Memory mapping is again used to control which pixels are to be lit 
and their color. The horizontal dimension varies according to the 
resolution used. This depends on the mode selected. In medium 
resolution graphics, there are 320 pixels across and 200 down; 
while in high resolution graphics, there are 640 across and 200 
down or 640 across and 400 down. 


In the high resolution mode, each pixel uses only one bit in 
memory to determine if it is or isn’t lit. If there are 640 by 200, or 
128,000 pixels, to control them all with one bit for each pixel, 
128,000 bits are required. This means that 16K bytes of RAM are 
used in this mode. In the medium resolution, 320 by 200 mode, 
each pixel needs two bits in memory. These two bits can specify 
four different values used to determine which of the four different 
colors the pixel will have. In this mode, 16K bytes of RAM are 
also required. With a Monochrome Display, the value of the two 
bits determine the intensity of each pixel. 


So, for the Color Display, four colors can be used in the graphic 
mode. Three of those four will either be from the palette of 
green/red/yellow or from the palette cyan/magenta/white. The 
other color is the background color, which is selected from the 
palette of 16 colors. 


Functional Description 


Figure 4-3 is a block diagram of the PC 6300 PLUS Display 
Controller Board. The following is a functional description of the 
major blocks of the Display Controller. 
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Figure 4-3, Display Controller Board Block Diagram 
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Data Bus Buffer 


Data from the CPU to the display buffer, D0 through D15, first 
passes through the bidirectional data bus buffer, which consists of 
two 74LS373 buffers and two 74LS244 buffers. The direction of the 
data bus buffer is determined by enabling either the 74LS373 
buffer for data towards the CPU or the 74LS244 buffers for data 
towards the display buffer. A block diagram of the circuitry for 
the data bus buffer is shown in Figure 4-4. 


When the 74LS244 buffers are enabled by -BOARDW going low, 
the data bits DO to D15 are passed through INDO to IND15. The 
two 74LS373 buffers are enabled by -BOARDRDL and 
-BOARDRDU going low. Data is latched by -BUSRDL going high 
to free memory for use by the CRT Controller. Therefore, allowing 
the data bits INDO to IND15 to D0 to D15. 


Data from the CPU, after passing through the data bus buffer, 
gets to the CPU data buffer which consists of two 74LS245 tri- 
state transceivers. The CPU data buffer is enabled by the signal 
-RAMBUF going low, which is generated by the address decoder 
circuitry whenever the CPU is to access the RAM Buffer. The 
direction of this data buffer is determined by the signal 
-BOARDW. When it is low, the direction is towards the RAM 
buffer. When high, the direction is towards the CPU. 
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Figure 4-4. Data Bus Buffer Circuitry 
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Display Memory 


The display memory (Figure 4-5) consists of 32K bytes of RAM 
that may be accessed by the CPU and the Display Controller 
circuitry. It is located at byte addresses 0B8000 to OB8FFF. The 
RAM is divided into two banks, a low-byte bank and a high-byte 
bank, with selection between the banks controlled by the column 
address strobes -CASL and -CASU. The row address strobe -RAS 
and the write enable signal -W are used by both banks. 


The RAM row address bits consist of DRAO to DRA7 and the 
column address bits consist of DRA1 to DRAG. For the derivation 
of these address bits, refer to RAM Address Multiplexer. 
During CPU access to the RAM data bus, DRAMDATO to 
DRAMDATI5, the bidirectional buffers that connect the RAM to 
the internal data bus are enabled by -RAMBUF, the direction of 
data flow through the buffers being controlled by -BOARDW. 


During CRT fetch cycles, CCARNDLY clocks the data on the RAM 
data bus into the D-type flip-flops that connect the RAM data bus 
to the character and graphics output stages. The character 
generation circuitry uses the low byte, RLATO to RLAT7, in 
addressing the character ROM and the high byte, RLATS to 
RLAT15, in defining character attributes. The graphics output 
stage uses the low and high bytes in the generation of the graphics 
modes bit streams. 


—————— ee eee 
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Figure 4-5, Display Memory 
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RAM Address Multiplexer 


The RAM row and column address signals may be derived from 
either the CPU address bits AO to Ald or from the CRT Controller 
memory address bits MAO to MA13 and raster address bits RAO 
and RA1 (see Figure 4-6). The addresses, AQ to Ald and MAO to 
MA13, are multiplexed with control signals CRT/-CPU, 
MUXSWCH, -MUXSWCH, M20, and GRAPH to produce the RAM 
row address signals, DRAO to DRA7, and the RAM column address 
signals, DRA1 to DRA6. Control signal CRT/-CPU is used to 
select between the CRT Controller and CPU-derived address bits. 
The signals MUXSWCH and -MUXSWCH are used to select 
between the row and column addresses. M20 and GRAPH 
determine the origin of the CRT Controller-derived column address 
signals, DRA5 and DRA6. 


The derivation of the row address signals, DRAO to DRA7, and the 
column address signals, DRA1 to DRAG, is described on the 
following pages. 


CPU Row Addresses 
|DRA7Z | DRAG | DRAS | DRA4 | DRAB | DRA2 | DRA1| DRAO 
[aso AT AG AB Ad AS A2 Al 


Note: CPU address bits A8 and AO are multiplexed with 
-DACKO by the mode circuit to produce A80. This results 
in DRAT being derived from CPU address bit A8, except 
during DMA refresh cycles. During DMA refresh cycles, 
DRAT is derived from CPU address bit AO so that all of 
the Display RAM is refreshed. 
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CRT Row Addresses 


DRA7 | DRAG | DRAS5 | DRA4 | DRA3 | DRA2 | DRA1 | DRAO 
MAT MAG MA5 MA4 MA3 MA2 MA1 MAO 


CRT Column Addresses 
Mode GRapu [M20] DRAG | DRAG | DRAd | DRAS | DRA2 | DRAT 
IBM Alpha 0 0 PAGESEL | MA12 | MAI1 | MAIO | MA9 MAS 
Non-IBM Alpha MA13 | MAI2 |] MA11 | MAIO | MA9 MAS 


0] Mao | Mas 
o [mao | Mas 


IBM Graphics 


o 
1 
Non-IBM Graphics 1 


1 
o | paGeseL | Rai | MAL 
1 Rao | Rai | MAIL 


Note 1: IBM Alphanumeric Modes: With DRA6 derived 
from the PAGESEL bit of the mode select 2 register, 
wraparound is at 16K bytes instead of the full 32K bytes of 
the Display RAM. PAGESEL selects between the two 
16K-byte halves of the Display RAM. 


Note 2: Non-IBM Alphanumeric Modes: With DRA6 
derived from MA13, wrap around is at the full 32K bytes of 
the Display RAM. IBM Graphic Modes—With DRA5 
derived from RA1, RAO is ignored in addressing the 
Display RAM, line pairing is implemented to give the 
display a 200-line performance. With DRAG derived from 
the mode select 2 register PAGESEL bit, wraparound is at 
16K bytes instead of the full 32K bytes of the Display 
RAM. PAGESEL selects between the two 16K-byte halves 
of the Display RAM. 


Note 3: Non-IBM Graphic Modes: With DRA5 and DRA6 
derived from RAO and RAI, line pairing as implemented 
for the IBM graphic modes is stopped and is wrapped 
around at the full 32K-byte Display RAM. 
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Graphic Output Stage 


The graphics video bits GB, GG, GR, and GI are produced by 
selecting the 640B, 640G, 640R, and 640I color bits from the 640- 
wide graphics path or the 320B, 320G, 320R, and 320I color bits 
from the 320-wide graphics path. The 640-wide graphics bit 
640x200 BW from the mode select 1 register is used to enable the 
graphics output buffers. When set high, 640x200 BW enables the 
640-wide graphics buffers and disables the 320-wide graphics 
buffers. When set low, 640x200 BW disables the 640-wide graphics 
buffers and enables the 320-wide graphics buffers on the condition 
that the mode select 1 register bits HRES and GRAPH are set low 
and high, respectively. 


The latched low and high bytes RLATO to RLAT7 and RLATS to 
RLAT15 from the Display RAM are separated into odd and even 
bits, parallel loaded into the shift registers by GRAPHSHFLD, 
and serially shifted out by PLK4 to produce the two 12 MHz bit 
streams ODDGRAPH and EVENGRAPH. The odd RLAT data 
bits become the even bit stream and the even RLAT data bits 
become the odd bit stream. These bit streams are used by the 
640-wide and 320-wide graphics paths in the generation of the 
graphics video bits GB, GG, GR, and GI. 


640-Wide Graphics Path 


The two 12-MHz bit streams EVENGRAPH and ODDGRAPH are 
multiplexed with PLK4 and clocked into the D-type flip-flop by 
PCLK2 to produce the 24-MHz 640-wide foreground/background 
select bit stream 640FORE (Figure 4-7). This bit stream, applied 
to the clear input of the counter, selects between the foreground 
and background color to produce the 640-wide color bits 640B, 
640G, 640R, and 6401. The foreground color is defined by the 
latched graphics color bits (BLAT, GLAT, RLAT, and ILAT) which 
are parallel loaded into the counter from the color select register 
while the background color is always set to black by 640FORE on 
clearing the counter. 
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Figure 4-7. 640-Wide Graphics Path 


320-Wide Graphics Path 


The two 12-MHz bit streams EVENGRAPH and ODDGRAPH are 
ORed to produce the 320-wide foreground/background select bit 
stream 320FORE (Figure 4-8). This bit stream is applied to the 
select input of the foreground/background data selector so as to 
select the foreground color data when ODDGRAPH or 
EVENGRAPH is high and the background color data when 
ODDGRAPH and EVENGRAPH are low. 
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Figure 4-8. 320-Wide Graphics Path 


Each bit pair of the ODDGRAPH and EVENGRAPH bit streams 
defines one of four colors for each pixel as shown below. 


ODDGRAPH | EVENGRAPH Color 
0 0 Background Color 
0 1 Foreground Color 1 
1 0 Foreground Color 2 
1 1 Foreground Color 3 


The background color is defined by the color select register, 
latched graphics color bits BLAT, GLAT, RLAT, and ILAT and 
may be any one of the available 16 colors. The three foreground 
colors defined by the ODDGRAPH and EVENGRAPH bit streams 
are selected from two palettes by the color select register 320x200 


COLORS bit. 
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320x200 |Foreground 
CoLors | Color 

Color 1 0 Green 

Color 2 ) Red 

Color 3 0 Yellow 

Color 1 1 Cyan 

Color 2 1 Magenta 

Color 3 1 White 


In addition, the ALTBACK bit from the color select register may 
be used to highlight the selected foreground color. The color data 
output from the data selector is clocked into the D-type flip-flop by 
PCLK4 to produce the 320-wide color bits 320B, 320G, 320R, and 
3201. 


ROM Character Generator 


The character ROM may be a 4Kx8 ROM containing one character 
set, or an 8Kx8 ROM containing two character sets, each character 
set defining 256 characters. If an 8K-byte ROM is installed, the 
mode select 2 register SETSEL bit is used to select between the 
two character sets in the character ROM. A 4K-byte ROM is 
normally installed and the SETSEL bit has no effect. 


The current line of the current character is selected by the 6845 
CRT controller row address bits RAO to RA3, while the current 
character code is selected by the Display RAM data bits RLATO to 
RLAT?. The alpha data bits ALPHADATO to ALPHADAT7 
output from the character ROM define the current line of the 
current character of the current character set. 
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Character Underline and Blink Logic 


The decoded character attribute bits ALATO to ALAT7 are derived 
from the Display RAM latched high byte RLATS to RLAT15. 
ALATO to ALATS are the fully decoded foreground color bits and 
ALAT4 to ALAT7 are the fully decoded background color bits of 
the current character as shown below. The underline logic and 
character blink logic diagrams are shown in Figures 4-9 and 4-10, 
respectively. 


Background Foreground 
RLATBit [15 14 13 12/1 10 9 8 
ALAT Bit a 65 4 3 2 1 
Attribute I RG B IR G 


ALATO0 to ALAT2 are generally derived from RLATS to RLAT10. 
However, if the mode select 2 register UNDERLINE bit is set high, 
and RLATS8 to RLAT10 represent the color blue (1,0,0), ALATO to 
ALAT2 will be forced high to white (1,1,1). The reason for the 
change to white during underlining is to make the underline 
attribute for the IBM PC/XT color alphanumeric modes the same 
as that for the IBM PC/XT monochrome alphanumeric modes. 
ALATS to ALAT6 are derived directly from RLAT11 to RLAT14. 
ALATT may be derived from RLAT15 or, if the mode select 1 
register BLINK/-BI bit is set high, ALATT7 is forced low so that 
RLATI15 becomes the blink attribute. 


During CRT fetch cycles, CCARNDLY clocks the RLAT bits, 
modified or unmodified, into the D-type flip-flop that connects the 
underline logic to the character output stage. The character blink 
attribute bit BLINKBIT is a relatched version of the background 
intensity/character blink attribute bit RLAT15. RLAT15 is 
clocked into the D-type flip-flop by CCARN so that the BLINKBIT 
is in correct sync for use by the character output stage in 
producing -BLINCHAR, the character bit stream with blink 


included. 
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The set foreground underline bit SETFOREU is derived from the 
Display RAM latched character attribute bits RLATS to RLAT10, 
the mode select 2 register UNDERLINE bit, and the 6845 CRT 
Controller row address bits RAO to RA3. SETFOREU is a negative 
logic signal, although not labeled as such, and is set low during the 
actual time of character underlining (line 14 of any character 
whose attributes indicate underline) on the condition that the 
UNDERLINE bit is set high. SETFOREU is used by the character 
output stage in producing the final foreground/-background 
character bit stream FORE/-BACK. 
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Figure 4-9. Underline Logic 
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Figure 4-10. Character Blink Logic 
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Character Output Stage 


The alpha data bits ALPHADATO to ALPHADATT from the 
character ROM are parallel loaded into and serially clocked out of 
the shift register to produce the raw character bit stream 
RAWCHAR (Figure 4-11). RAWCHAR is NAND gated with the 
decoded character blink attribute signal -BLINK to produce 
-BLINCHAR, the character bit stream with blink included. 
-BLINK is produced by NAND gating the character blink attribute 
bit BLINKBIT, the blink/-background intensity bit BLINK/-BI, 
and the character blink rate clock BLINKCLK. When all are high, 
-BLINK becomes low and forces -BLINCHAR high (to 
background). 


-BLINCHAR is NAND gated with the final cursor signal 
-CURSTIME and the set foreground underline signal SETFOREU 
to produce the final foreground/-background character bit stream 
FORE/-BACK. Any of these three signals going low will cause 
FORE/-BACK to go high, resulting in the foreground color being 
selected. -CURSTIME is produced by NAND gating the 6845 CRT 
Controller latched cursor signal CURSORLAT and the cursor flash 
rate clock CURSORCLK. 


The FORE/-BACK bit stream is used to select the decoded 
foreground color bits ALATO to ALATS3 or the background color 
bits ALAT4 to ALATT from the underline logic. After selection of 
foreground or background, the color bits from the data selector are 
clocked into the D-type flip-flops to produce the alpha video bits 
AB, AG, AR, and AI. These bits are enabled out of the D-type 
flip-flops when the mode select 1 register GRAPH bit is set low. 
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Figure 4-11, Character Output Stage 
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I/O Registers 


One input register and three output registers are provided for use 
in the Display Controller. The input register enables controller 
and display status information to be read and the output registers, 
that may be individually programmed, enable mode and color 
selection. For information on the contents of these registers, see 
Programming the I/O Registers. 


Register selection is performed by the I/O register address 
decoder. The decoder, a 3-to-8 line decoder, is enabled by the 
Motherboard address line A3 during I/O read or write operations 
to address 03C0 hex to 03DF hex (-IOADD from the address 
decoder low with Motherboard address line A3 high). The 
Motherboard address lines AO to A2 are then decoded to produce 
the write strobes or read enable signals for the I/O registers as 
listed below. 


Address | 4> a1 AO Register Signal 
(Hex) 
osps | 0 0 0 | Mode Select 1 ~| MODEWSTBI 
osp9 | 0 0 1 | Color Select COLREGSTB 
ospaA | 0 1 0 | Status -STATREGEN 
03DB | 0 1 1 | Light Pen Clear Strobe -LPCLR 
03DC 1 0 0 Light Pen Set Strobe -LPSET 
opp | 1 0 1 | Look-up Table Write Strobe | LUTWSTB 
ope | 1 1 0 | Mode Select 2 MODEWSTB2 
ospr_| 1 1 1 | Spare Strobe -SPARESTB 


Note: The address decoder ignores address bit Ad in generating 
the I/O address -IOADD, so address space 03C0 hex to 03CF hex 
is mapped the same as address space 03D0 hex to 03DF hex. 


Address Decoder 
The address decoder (Figure 4-12) uses Motherboard address and 


control lines together with timing signals generated by the Display 
Controller Board to produce the following control signals. 
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Figure 4-12. Address Decoder 
-VRAMREQ This is the Display RAM request signal. It is 
generated from the Motherboard address lines 
A17, A18, A19, and the control lines -XMRD 
and -XMWR, and is set low when the 
Motherboard attempts to access the Display 
RAM address space. 
-PLANE1 This is the first display memory plane request 


signal. It is generated from -VRAMREQ and 
the Motherboard address lines A15 and Al6 
and is set low whenever the Motherboard 
attempts to access the first plane of the 
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AMEMREQ 


-CASL 


-CASU 


Display RAM. The first plane is in the highest 
address space of the Display RAM. 


This is the memory request signal. It is 
generated from -VRAMREQ or the 
Motherboard DMA acknowledge line 
-IDMACKO and is set high when the CPU 
attempts to access the Display RAM or when a 
DMA refresh occurs. -IDACK0 is blocked if 
the mode select 1 register HRES bit is set high 
as DMA refresh is not required in the high 
resolution alphanumeric modes. 


This is the column address strobe for the low- 
byte bank of the Display RAM. It is generated 
in the address decoder PAL from -PLANE1, 
the timing logic signals CRT/-CPU and CAS, 
and the Motherboard address line AO. During 
CRT fetch cycles, -CASL is set low when CAS 
goes high and as long as CRT/-CPU is high, 
indicating a CRT fetch cycle. During CPU 
access, -CASL is set low when CAS goes high; 
and as long as CRT/-CPU is low, indicating 
CPU access, -PLANE1 is low, indicating the 
first plane of the Display RAM must be 
selected, and AO is low, indicating the low 
byte. 


This is the column address strobe for the 
high-byte bank of the Display RAM. It is 
generated in the address decoder PAL from 
-PLANE1, the timing logic signals CRT/-CPU 
and CAS, and the Motherboard control line 
-BHE. During CRT fetch cycles, -CASU is set 
low when CAS goes high and as long as 
CRT/-CPU is high, indicating a CRT fetch 
cycle. During CPU access -CASU is set low 
when CAS goes high and as long as CRT/-CPU 
is low, indicating CPU access, -PLANE1 is low, 
indicating the first plane of the Display RAM 
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must be selected, and -BHE is low, indicating 
the high byte. 


This is the Display RAM write signal. It is 
generated in the address decoder PAL from 
-VRAMREQ, the timing logic signals WRITEN 
and CRT/-CPU, and the Motherboard control 
line -XMWR. WRITEN is an uninterrupted 
pulse train that provides the correct write 
pulse positioning relative to the row and 
column address strobes. CRT/-CPU and 
-XMWR ensure that the CPU has access and 
that a write operation is being performed. 
-VRAMREQ ensures that the Display RAM 
address requirement is met and that the write 
operation is not an unintended DMA write. 


This is the Display RAM buffer enable signal. 
It is generated in the address decoder PAL 
from -PLANE1 and the timing logic signal 
CRT/-CPU. It is used during CPU access to 
enable the buffers that connect the RAM to 
the internal data bus. 


This is the board write enable signal. It is 
generated in the address decoder PAL from 
-VRAMREQ, -IOADD, and the Motherboard 
control lines -XMWR and -XIOW. It is set low 
during any write operation to the Display 
RAM or I/O space. -BOARDW determines the 
direction of data flow through the buffers that 
connect the RAM data bus to the internal data 
bus, enables the Motherboard data bus onto 
the internal data bus, and determines the 
direction of data transfer to and from the 6845 
CRT Controller. 
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-BOARDRDL This is the board read low byte signal. It is 
generated in the address decoder PAL from 
-PLANE1, -IOADD, and the Motherboard 
address line AO and control lines -XMWR and 
-XIOW. It is used during a memory or I/O 
read operation to enable the latched low byte 
of the internal data bus onto the low byte of 
the Motherboard data bus. The latching signal 
is -BUSRDL from the timing logic. 


-BOARDRDU This is the board read high byte signal. It is 
generated in the address decoder PAL from 
-PLANE1 and the Motherboard control lines 
-BHE and -XMWR. It is used during a 
memory read operation to enable the latched 
high byte of the internal data bus onto the 
high byte of the Motherboard data bus. The 
latching signal is -BUSRDL from the timing 
logic. 


-IOADD This is the decoded I/O address. It is 
generated from the Motherboard address lines 
A5 to A9 and control lines -XIOW, -XIOR, and 
AEN. It is set low during I/O read or write 
operations to address space 03C0 hex to 03DF 
hex. When -IOADD and A3 are both low, the 
I/O register decoders are enabled. 


-6845ADD This is the decoded 6845 CRT Controller 
address. It is generated from the Motherboard 
address line A3 and -IOADD and is set low 
during CRT Controller read or write 
operations to address space 03D0 hex to 03D7 
hex. -6845ADD low with address line AO low 
gives access to the address register of the CRT 
Controller, while -6845ADD low with AO high 
gives access to the selected control register of 
the CRT Controller. 
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-16BCH This is the 16-bit channel flag. It is generated 
by -PLANE] going low, or -IOADD going low 
and is used to indicate to the Motherboard 
that a device with a 16-bit data bus is being 
addressed. 


Mode Circuit 


The mode circuit (Figure 4-13) generates the main Display 
Controller clock FINALCLK from which all other Display 
Controller clocks and timing signals are derived. FINALCLK may 
be derived from one of four sources: 


1 CLK24—The Motherboard 24-MHz clock. 
2 Z8000CLK—Not Used. Always set to 0 (zero). 


3 PCLK IN—An external clock from the Display Enhancement 
Connector. This option is included for general flexibility. 


4 LOCAL24—A crystal oscillator, 24 MHz, on the board. This 
is the standard source used in the operation of the Display 
Controller Board in the PC 6300 PLUS. 


Selection of the source for FINALCLK is determined by the setting 
of two jumpers and the mode select 2 register Z8000 clock enable 
bit Z8000CLKE. During normal operation, the Motherboard 24- 
MHz clock (CLK24) and the Z8000 clock (Z8000CLK) are 
multiplexed with Z8000CLKE to produce FINALCLK. FINALCLK 
is input to the data selector together with 12 MHz and -12 MHz, 
the inverse of 12 MHz, to generate the following clocks signals. 
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PCLK2 


PCLK3 


PCLK4 


This is the graphics pixel and timing clock. It is 
derived directly from FINALCLK. PCLK2 is used 
by the graphics output stage as the 640-wide 
graphics modes pixel clock and by the timing logic 
as the clock for the generation of all the main 
timing signals. 


This is the mode variable character pixel clock. 
This clock may be derived from one of two sources. 
In the 80x25 alphanumeric mode or the 640-wide 
graphics mode, PCLKS3 is derived directly from 
FINALCLK. In all other modes, PCLK3 is derived 
from -12 MHz. PCLKS3 is used by the character 
output stage as the character pixel clock, by the 
underline logic in the generation of CCARN and 
CCARNDLY, and by the blanking and output 
driver as the counter and video output driver clock. 


This is the mode variable graphics pixel clock. 
This clock may be derived from one of two sources. 
In the 640-wide graphics modes, PCLK4 is derived 
from 12 MHz. In all other graphics modes it is 
derived from -12 MHz. PCLK4 is used by the 
graphics output stage as the graphics shift register 
clock and as the 320-wide graphics modes pixel 
clock. 
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GRAPHSHFLD, the graphics shift register load signal output 
from the data selector, may be derived from one of two sources. In 
the 320-wide graphic modes, GRAPHSHFLD is derived directly 
from the timing logic initial shift register load signal SHFLD. In 
the 640-wide graphic modes, it is derived from the underline logic 
character and graphics latch/load signal CCARN. When 
GRAPHSHELD is derived from CCARN, the graphics bit stream is 
delayed by one 24-MHz cycle to ensure that it is in correct syne 
with the video blanking signal. 


The mode circuit also generates A80 for use by the RAM 
multiplexer. A80 is generated by multiplexing the Motherboard 
CPU address bits AO and A8 with the DMA acknowledge signal 
-DACKO. This results in A80 being derived from the Motherboard 
address bit A8, except during DMA refresh cycles. During DMA 
refresh cycles, A80 is derived from the Motherboard CPU address 
bit AO so that all the Display RAM is refreshed. 
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Figure 4-13. Mode Circuit 
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Timing Logic 


The timing counter (Figure 4-14), clocked by PCLK2, is used to 
generate the timing PROM address inputs AO to A3 and the timing 
signals 12-MHz, CAS and CPUSPOT. 


12 


CAS 


CPUSPOT 


This is the 12 MHz timing clock. It is a continuous 
pulse train that is generated by dividing the timing 
clock PCLK2 by two. It is used in the generation of 
the arbitration clock ARBCLK, inverted to produce 
-12 MHz, and is used in the generation of the mode 
variable graphics pixel clock PCLK4. 


This is the initial RAM column address strobe. It is a 
continuous pulse train that is used by the address 
decoder in the generation of the Display RAM high 
and low bank column address strobe signals -CASU 
and -CASL. 


This is the CPU enable timing window. It isa 
continuous square wave that is high during the time 
that the CPU is allowed to access the Display RAM. 
CPUSPOT is used in the generation of the arbitration 
clock ARBCLK and to enable CRT/-CPU low. 


As the timing counter counts up from zero, the outputs of the 
timing PROM, clocked into the octal D-type flip-flop by PCLK2, 
are set in accordance with the following table. 


Note: The mode select 1 register HRES bit is used to 
address the A4 input of the timing PROM to select between 
the timing for the 40 x 25 and 80 x 25 alphanumeric modes. 
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L -RAS 


SHFLD 
~SHFLD 
6845CLK 
-6845CLK 
-MUXSUCH 
WRITEN 
MUXSWCH 


The signals listed in the above table are described in the following 
text. 
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SHFLD, 
-SHFLD 


6845CLK, 
-6845CLK 


MUXSWCH, 
-MUXSWCH 


WRITEN 


This is the RAM row address strobe. It is a 
continuous pulse train that is used directly as 
the row address strobe signal for the Display 
RAM. 


These are the initial shift load signals. They 
are identical pulse trains except for polarity. 
SHFLD is used with PCLK3 to load the alpha 
data bits into the character output stage shift 
register and is used in the generation of the 
graphics shift register load signal 
GRAPHSHFLD. -SHFLD is used with PCLK4 
in the generation of CCARN and CCARNDLY. 


These are the 6845 CRT Controller character 
rate clocks. They are identical except for 
polarity. 6845CLK is also used as the latch 
clock for the CRT Controller address latches of 
the RAM address multiplexer. The frequency 
and duty cycle of these clocks changes 
depending on the state of the HRES bit from 
the mode select 1 register. 


These are the RAM address multiplexer switch 
signals. They are identical pulse trains except 
for polarity. They are used to multiplex the 
row and column addresses for the Display 
RAM. 


This is the RAM write enable signal. It is a 
continuous pulse train that provides the correct 
write pulse positioning relative to the row and 
column address strobes when the requirements 
for a Display RAM write are met. 


4-36 


Display Controller Board 


Display Boards 
—<—<— —__Display Boards 


CRT/-CPU 


-CPUEND 


CURSORCLK 


BLINKCLK 


CRT/-CPU is generated from the arbitration 
clock ARBCLK, the memory access wait signal 
MEMWAIT, and CPUSPOT. It is used to select 
between the CRT and CPU use of the board. 
ARBCLK, a 12-MHz clock burst during 
CPUSPOT, clocks MEMWAIT into the D-type 
flip-flop to produce the memory request clock 
MEMREQCLK. MEMREQCLK is then NAND 
gated with CPUSPOT to produce CRT/-CPU. 
MEMWAIT is derived from AMEMREQ and is 
set high when the CPU attempts to access the 
Display RAM or during a DMA refresh cycle. 
CRT/-CPU is therefore low during CPU access 
to the Display RAM and high during all other 
conditions. CRT/-CPU is used by the RAM 
address multiplexer to select between CRT and 
CPU RAM addresses, by the address decoder in 
the generation of -CASL, -CASU, -W and 
-RAMBUF, and to enable the end of CPU 
access cycle -CPUEND. 


-CPUEND is generated by OR gating the 
timing counter ripple carry output -COUNTRC 
with CRT/-CPU. -CPUEND is used to clear 
MEMWAIT and release the Motherboard 
ORDY signal to indicate the end of the CPU 
access cycle. 


CURSORCLK is the cursor flash rate clock. It 
is generated by dividing LATVSYNC by 16. 
CURSORCLK is used by the character output 
stage in generating the final 
foreground/background character bit stream 
FORE/-BACK. 


BLINKCLK is the character blink clock. It is 
generated by dividing LATVSYNC by 32. 
BLINKCLK is used by the character output 
stage in generating the character bit stream 
with blink included, i.e., -BLINCHAR. 
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BUSRDL BUSRDL is the internal data bus to 
Motherboard data bus read latch signal. It is 
generated by NAND gating BCRDY (ORDY) 
and the status register enable signal 
-STATREGEN. -BUSRDL is driven low by 
BCRDY or -STATREGEN. -STATREGEN is 
low during a status register read operation and 
BCRDY is low during CPU access to the 
Display RAM and during CRT access cycles. 
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Figure 4-14. Timing Logic 
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6845 CRT Controller Logic 


At the start of a CRT Controller read or write operation, 
-6845ADD goes low and, clocked into the D-type flip-flop by 
XCLK4, sets the CPU bus wait signals -6845WAIT and 6845WAIT 
low and high, respectively (Figure 4-15). -6845WAIT drives the 
Motherboard ready signal, ORDY, low, or not ready. 6845WAIT is 
delayed with one cycle of XCLK4 through the quad D-type flip-flop 
to produce the CRT Controller enable signal 6845E, and with four 
cycles of XCLK4 to produce -ENDWAIT. -ENDWAIT is applied to 
the preset input of the preceding D-type flip-flop to terminate the 
-6845WAIT cycle. At the end of a CRT Controller read or write 
operation, -6845ADD goes high and the quad D-type flip-flop is 
cleared in readiness for the next CRT Controller read or write 
operation. 


The display enable DISPEN output of the CRT Controller is 
delayed with three cycles of 6845CLK through the octal D-type 
flip-flop to produce the latched display enable signal DISPENLAT. 
DISPENLAT is used by the blanking logic in generating the 
blanking signals BLANKING and -BLANKING. The CURSOR 
output of the CRT Controller is delayed with three cycles of 
6845CLK through the octal D-type flip-flop to produce the latched 
cursor signal CURSORLAT. CURSORLAT is used by the 
character output stage in generating the final 
foreground/background character bit stream FORE/-BACK. 


The HSYNC and VSYNC outputs of the CRT Controller are clocked 
into the octal D-type flip-flop by 6845CLK to produce the latched 
horizontal and vertical syne signals LATHSYNC and LATVSYNC. 
LATHSYNC and LATVSYNC are used by the blanking and output 
driver in the generation of the final horizontal syne HSYNC and 
vertical sync VSYNC signals for the display. LATVSYNC is also 
used by the timing logic in generating the cursor clock 
CURSORCLK and blink clock BLINKCLK, and input to the status 
register where it may be read to differentiate a horizontal retrace 
from a vertical retrace. It should be noted that the 6845 CRT 
Controller as shown on the logic diagram is actually replaced by 
the scrambler circuit. 
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Figure 4-15. 6845 CRT Controller Logic 


Scrambler Circuit 


The function of the scrambler circuit (Figure 4-16) is to translate 
the data sent to it, by application programs which do not follow 
the BIOS, into the appropriate data for the Display Controller. 
The scrambler circuit contains the 6845 CRT Controller, a PAL, a 
PROM, and a data bus buffer. 
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Figure 4-16. Scrambler Circuit Logic Diagram 


The address, enable, and read/write control signals used by the 
scrambler circuit include the Motherboard address line AO and the 
Display Controller board signals 6845E, -6845ADD, and 
-BOARDW. -6845ADD is input to the PAL and used to address 
the chip select input of the CRT Controller. When -6845ADD is 
low, the CRT Controller is selected during read or write operations. 


6845E is input to the PAL and used to enable the CRT Controller. 
6845E is derived from the address decoder 6845ADD signal and is 
set high during CRT Controller read or write operations. 


-BOARDW is input to the PAL and the CRT Controller and is used 
to control the direction of data transfer to and from the CRT 
Controller. -BOARDW is high during read operations and low 
during write operations. AQ is input to the PAL and is used to 
address the register select input of the CRT Controller. AO is low 
when the CRT Controller address register is being addressed and 
high when the selected CRT Controller control register is being 
addressed. 
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The PAL decodes signals -6845ADD, 6845B, -BOARDW, and A0 to 
generate the data bus buffer enable signal -RG and the PROM 
enable signal 2732CS. The PAL also decodes the internal data bus 
bits INDO to IND5 to generate PROM address bits -RCO to -RC3. 


During CRT Controller read operations, -BOARDW high, -RG is 
set low to enable the data bus buffer, and 2732CS is set high to 
disable the PROM. With -BOARDW high, the direction of data 
transfer through the data bus buffer is from A to B so that the 
6845 data bus communicates directly with the Display Controller 
internal data bus. 


During CRT Controller address register write operations, 
-BOARDW and AO low, -RG is set low to enable the data bus 
buffer, and 2732CS is set high to disable the PROM. With 
-BOARDW low, the direction of data transfer through the data bus 
buffer is from B to A so that the Display Controller internal data 
bus communicates directly with the 6845 data bus. 


During CRT Controller control register write operations, 
-BOARDW low and AO high, -RG is set high to disable the data 
bus buffer, and 2732CS is set low to enable the PROM. The PROM 
translates the IBM PC/XT control register values to those required 
by the display and drives them onto the 6845 data bus. The 
address inputs of the PROM consist of INDO to IND7, that address 
AO to A7, and -RCO to -RC3 from the PAL, that address A8 to All. 


The following table gives the contents of the Scrambler PROM. 
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Address _| Value Function 
0— 55 39 RO 

i— 7F 73 RO 
80— FF 0—7F | RO TRANSPARENT 

100—-1FF | 0—FF | RI 

200—27F | 2-81 R2 

280—2FF | 0—7F R2 


300—3FF | 0C R3 

400—440 1A R4 ALPHA 
441—47F | 6B R4_ GRAPHICS 
480—4FP | 0—7F R4 TRANSPARENT 
500—57F | 0 R5 


580—5FF | 0—7F | R5 TRANSPARENT 

600—6FF | 0—FF | R6 

R7 ALPHA 

R7 GRAPHICS 

R7 TRANSPARENT 

R8 

R8 INTERLACED 

RS 

R&8 TRANSPARENT 

RQ (ADDR*2)+1 

R9_ TRANSPARENT 

R10 (* IF ADDRESS MOD 20<10 
THEN VALUE = (ADDRESS-A00)+ 
ADDRESS MOD 20 ELSE VALUE = 
(ADDRESS-ADDRESS MOD 20)+10 

A80—AFF | 0-7F R10 TRANSPARENT 

BOO—B7F | 0-FE R11 (STEP 2) 

B80—BFF | 0-7F R11 TRANSPARENT 

COO—FFF | ** R12-15 

(** VALUE=ADDRESS MOD 100) 


6845 CRT Controller 


The CRT Controller consists of programmable horizontal and 
vertical timing generators, a programmable linear address 
generator, programmable cursor logic, light pen logic, and control 
logic for interfacing the CRT Controller to the internal data bus. 
The horizontal and vertical timing generators generate the raster 
address signals (RAO to RA4), the display timing horizontal syne 
(HSYNC), vertical syne (VSYNC), and display enable DISPEN. 
The linear address generator generates the memory address 
signals MAO to MAI4. The cursor logic generates the cursor 
output CURSOR and defines the cursor position, size, and blink 
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rate. The light pen logic stores the memory address, MAO to 
MA1A, in the light pen register on receipt of the light pen strobe 
LPSTB to memorize the position of the light pen on the screen. 
The control logic enables the programming of the CRT Controller 
registers over the internal data bus INDO to IND7. The CRT 
Controller control signals are read/-write (R/-W), chip select 
(-CS), register select (RS), and enable (E). 


The raster address signals RAO to RA3 (RA4 is not used by this 
board) count repeatedly from zero, to one less than the number of 
lines per character row, counting once for each line. Each time the 
count is completed, the start count for the memory address signals 
MAO to MA13 is increased by the number of displayed characters 
per character row. For the alphanumeric modes, the raster 
address signals are programmed to count from 0 to 15 to cater for 
the 16-line high characters of the character ROM. RAO to RA3 are 
used by the character ROM to select the correct line of the current 
character, and by the underline logic to detect line 14 of each 
character row. 


For the 200-line graphics mode, the raster address signals are 
programmed to count from 0 to 3. The least significant bit, RAO, 
is then ignored in addressing the Display RAM. Asa result, the 
display lines are paired (lines 0 and 1 are identical, as are lines 2 
and 3, etc.) so that there are effectively only 200 lines displayed. 
RA1 becomes the most significant bit of the Display RAM address 
so that even lines are in low RAM, and start at memory address 
B8000, and odd lines are in high RAM, and start at memory 


address BA000. 


For the 400-line graphics mode, the raster address signals are 
programmed to count from 0 to 3, but this time RAO is included in 
addressing the Display RAM. As a result, the line pairing 
required to give the 200-line performance is stopped and 400 lines 
are displayed. RAO and RA1 become the most significant bits of 
the Display RAM address so that the RAM is effectively divided 
into four blocks. Lines 0, 4, 8,.... start at memory address 0B8000, 
lines 1, 5, 9,... start at memory address 0BA000, lines 2, 6, 10,... 
start at memory address 0BC000, and lines 3, 7, 11,... start at 


memory address 0BE000. 
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The memory address signals MAO to MA13 are used to address the 
display RAM to fetch the current character code and attributes. 
For each line of a character row, the MA signals count from the 
current start count to the current start count minus one, plus the 
number of characters per character row. After a character row is 
completed, the current MA start count is incremented by the 
number of characters per character row and the process repeats. 


6845 CRT Controller Register Functions 


The 6845 CRT Controller consists of 19 accessible internal 
registers, horizontal and vertical timing circuits, linear address 
generator, cursor control circuit, and light pen detection circuit. 
The 19 internal registers are used to define and control a raster- 
scan CRT Display. The registers are described in detail in the 
following list. 


Address This is a 5-bit write-only register that is used 

Register as a pointer to one of the 18 control registers 

(AR) RO to R17. 

Horizontal This is an 8-bit write-only register that is used 

Total to program the total number of characters per 

Register row (including the non-displayed characters to 

(RO) give the horizontal retrace period). In other 
words, the total number of characters per row 
minus one. 

Horizontal This is an 8-bit write-only register that is used 

Displayed to program the number of displayed characters 

Register per character row. 

(R1) 

Horizontal This is an 8-bit write-only register that is used 

Syne to program the horizontal sync position in 

Position multiples of the character clock period. Its 

Register content is the character number of the 

(R2) horizontal syne position minus one. 
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Horizontal 
Syne Width 
Register 
(R3) 


Vertical 
Total 
Register 
(R4) and 
Vertical 
Total Adjust 
Register 
(R5) 


Vertical 
Displayed 
Register 
(R6) 


Vertical 
Syne 
Position 
Register 
(R7) 


Interlace 
Mode 
Register 
(R8) 
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This is a 4-bit write-only register that is used 
to program the horizontal sync pulse width. Its 
content is the horizontal sync pulse width in 
character multiples. 


These registers are used to determine the 
vertical frequency of VSYNC. The number of 
calculated character rows to obtain the correct 
frequency is usually an integer in character 
rows plus a fraction in lines. Register R4 is a 
7-bit write-only register that is used to 
program the integer of the total number of 
character rows per frame (including the 
nondisplayed character rows to give the vertical 
retrace period). Its content is the number of 
character rows minus one. Register R5 is a 
5-bit write-only register that is used to 
program the fraction of the total number of 
character rows per frame. Its content is the 
number of lines required to obtain this 
fraction. 


This is a 7-bit write-only register that is used 
to program the number of character rows 
displayed. Its content is the number of 
character rows to be displayed. 


This is a 7-bit write-only register that is used 
to program the vertical sync position as 
multiples of the character row period. Its 
content is the vertical sync position character 
row minus one. 


This is a 2-bit write-only register that is used 
to program the interlace mode. When bit 0 and 
bit 1 are set low, or bit 0 is set low and bit 1 is 
set high, the non-interlace raster scan mode is 
selected. When bit 0 is set high and bit 1 is set 
low, the interlace sync raster scan mode is 
selected. When bit 0 and bit 1 are set high, the 
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Maximum 
Line Address 
Register 
(R9) 


Cursor Start 
Line 
Register 
(R10) 


Cursor End 
Line 
Register 
(R11) 


Start 
Address 
Register H 
and L (R12 
and R13) 


Cursor 
Register H 
and L (R14 
and R15) 


interlace syne and video raster scan mode is 
selected. Both are interlaced two fields per 
frame. 


This is a 5-bit write-only register that is used 
to program the maximum line address. Its 
content is the total number of lines per 
character row (including spacing) minus one. 


This is a 7-bit write-only register that is used 
to program the cursor start line and the cursor 
display mode. Its content is the number of the 
line at which the cursor should start (bit 0 to 
bit 4) and the cursor display mode (bit 5 and 
bit 6). Bit 5 is the blink timing control. When 
set low, the blink frequency is 1/16 of the 
vertical field period. When set high, the blink 
frequency is 1/32 of the vertical field period. 
Bit 6 is used to enable the blink. 


This is a 5-bit write-only register that is used 
to program the cursor end line. Its content is 
the number of the line at which the cursor 
should end. 


This is a 14-bit read/write register that is used 
to program the first address to be output as a 

Display RAM refresh address. It consists of an 
8-bit lower register and a 6-bit higher register. 


This is a 14-bit read/write register that stores 
the cursor location. It consists of an 8-bit 
lower register and a 6-bit higher register. 
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Light Pen This is a 14-bit read-only register that is used 

Register H to store the refresh memory address on receipt 
and L (R16 of the light pen strobe. It consists of an 8-bit 

and R17) lower register and a 6 bit higher register. 


Blanking, Arbitration, Ready Processing and 
Reset Logic 


Blanking Logic 


The final display blanking signals BLANKING and -BLANKING 
are identical except for polarity. They are generated by delaying 
the latched display enable signal DISPENLAT with two cycles of 
PCLK3 through the dual D-type flip-flop (Figure 4-17). The 
resultant blanking signals are then equivalent to DISPEN from 
the 6845 CRT Controller delayed by three cycles of the 6845 
character clock 6845CLK and three cycles of the character pixel 
clock PCLK3. The delays are to compensate for delays in the 
character and graphics generation logic. 


DISPENLAT ~BLANKING 


PCLK3 BLANKING 


Figure 4-17. Blanking Logic 


-BLANKING, when low, synchronously clears the counter of the 
blanking and output driver to blank the display. Display blanking 
may also be achieved by setting the mode select 1 register video 
enable bit VIDE. Setting VIDE low clears the D-type flip-flop to 
set -BLANKING low. BLANKING is directly connected to the 
Display Interface Connector. It is not used by the Display, but is 
made available for test devices, special applications, ete. 
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Arbitration Logic 


CPUSPOT is ORed with the 12-MHz clock to produce the 
arbitration clock ARBCLK (Figure 4-18). ARBCLK consists of 
bursts of 12 MHz during the low time of CPUSPOT, the time that 
the CPU is not allowed access to the display DRAM, and is used by 
the timing logic in the generation of the CRT/-CPU signal. 

-12 MHz is the inverse of the 12-MHz timing clock and is used by 
the mode circuit in the generation of the mode variable pixel clock 
PCLK4. 


12 MHZ 


Figure 4-18. Arbitration Logic 


Ready Processing Logic 


The address decoder memory request signal AMEMREQ clocks the 
D-type flip-flop to drive the memory access wait signal MEMWAIT 
high and -MEMWAIT low when the CPU attempts to access the 
Display RAM (Figure 4-19). -CPUEND is applied to the clear 
input of the D-type flip-flop to clear MEMWAIT (low) at the end 
of a CPU access cycle. 


-MEMWAIT is NAND gated with -6845WAIT so that the 
Motherboard ready line ORDY is driven low (not ready) by a CPU 
Display RAM access request or at the start of a 6845 CRT 
Controller access cycle. MEMWAIT is used by the timing logic in 
the generation of the CRT/-CPU signal and BCRDY is used by the 
timing logic in the generation of the BUSRDL signal. 
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Figure 4-19. Ready Processing Logic 


Reset Logic 


The Motherboard reset line XRESET is inverted to produce the 
Display Controller reset signal, -RESET. This signal is used to 
clear the mode and color select registers and to reset the 6845 CRT 
Controller. The capacitor on the input of the inverter is included 
to remove the possibility of noise on the reset line affecting 
Display Controller operation. 


Blanking and Output Driver 


The graphics video bits GB, GG, GR, and GI, or the alpha video 
bits AB, AG, AR, and AI are parallel loaded into the counter and 
latched by PCLK3 to produce the expansion video bits EXPB, 
EXPG, EXPR, and EXPH (Figure 4-20). These bits are output on 
the enhancement connector and clocked into the D-type flip-flop to 
produce the final video bits for the display, B(D0), G(D1), R(D2), 
and HIGHLIGHT. -BLANKING, applied to the clear input of the 
counter, is used to blank the display. -BLANKING low 
synchronously clears the counter to set the final video bits low 
(black). The final video bits B, G, and R are labeled DO, D1, and 
D2 for monochrome operation as they do not rightly refer to color 
but to shades of green. 


The mode select 2 register Display mode bits, IMODEO0 and 
IMODE1, and the CRT Controller latched horizontal and vertical 
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sync, LATHSYNC and LATVSYNC, are clocked into the D-type 
flip-flop by PCLK3 to produce the final MODE0, MODE1, HSYNC, 
and VSYNC signals for the Display. The mode select 2 register 
Color Display degauss bit DEGAUSS is inverted to produce 
-DEGAUSS and output for use by the display. When set low, 
-DEGAUSS activates the color display degaussing circuitry. 


EXPH 


~BLANKING 
HIGHLIGHT 


LATHSYNC HSYNC 
LATVSYNC vsYNc 


IMODEO o 1 | ODEO 
IMODE1 MODE1 


Figure 4-20. Blanking and Output Driver 
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Operating Modes 


Color Selection 


Colors, or shades of green, are made from combinations of green, 
red, blue and two levels of intensity as listed below. 


Green | Red| Blue| Intensity} Color Shades of Green 
0 0 0 0 Black Black 
0 0 0 1 Dark Green Darkest Green 
0 0 1 0 Blue 
0 0 a 1 Light Blue 
0 1 0 0 Red 
0 1 0 1 Light Red 
0 1 1 0 Magenta 
0 1 1 1 Light Magenta 
1 0 0 0 Green 
1 0 0 1 Light Green 
1 0 1 0 Cyan 
1 0 1 1 Light Cyan 
1 1 0 0 Yellow 
1 1 0 1 Light Yellow 
1 1 1 0 White 
1 1 1 1 Highlight White Lightest Green 


Note: If a Monochrome Display is connected to the 
system, color selection, as described for the following 
operating modes, will result in a corresponding shade of 
green being displayed. 


640 x 200 Graphics Mode 


The 640 x 200 graphics mode is fully compatible with the IBM 
PC/XT high-resolution monochrome graphics mode. The graphics 
output stage pairs the latched data bits RLATO to 15 and 
recombines them to form a single bit stream. Each memory byte 
represents eight pixels as shown in the following table. 
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Address 088000 0BS001 
RLAT BHT 7 6 5 4 3 201 O15 13 12 1 10 9 8 
Pixel o123 456 7[/8 9 0 1 2 8 M15 


When examined on a word basis, the output order of this bit 
stream is D7 to D0 followed by D15 to D8. The high and low bytes 
of the 16-bit word are reversed to maintain IBM PC/XT 
compatibility. The foreground color for each pixel is defined by 
setting the BLAT, GLAT, RLAT, and ILAT bits of the color select 
register, and may be any one of the available 16 colors. The 
background color for each pixel is always black. 


For this and other IBM graphic modes, the least significant raster 
address, RAO, is ignored in addressing the Display RAM. As a 
result, display lines are paired so that there are effectively only 
200 lines displayed. RA1 becomes the most significant bit of the 
Display RAM address so that even lines are in low RAM, and start 
at memory address 0B8000, and odd lines are in high RAM, and 
start at memory address 0BA000. A second screen page of memory 
is available starting at memory address 0BC000. In order to access 
this page, the PAGESEL bit of the mode select 2 register must be 
set. 


640 x 400 Graphics Mode 


The 640 x 400 graphics mode is an extension of the 640 x 200 
graphics mode. For this and other non-IBM graphic modes, raster 
address RAO is included in addressing the Display RAM. Asa 
result, the line pairing required to give the 200-line performance is 
stopped and 400 lines are displayed. RAO and RA1 become the 
most significant bits of the display RAM address, so that RAM is 
effectively divided in to four blocks. One screen page of memory is 
available. See Figure 4-21. 


The display buffer begins at address 0B8000 Hex and the memory 
size is 32K bytes. This allows for only one page of 640 by 400 
graphics. The memory is organized as 4 segments of 8K each. 
Each segment contains every fourth line, beginning with line 0 at 
0B8000 Hex, line 1 at OBA000 Hex, line 2 at OBC000 Hex, and line 3 
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at OBE000 Hex. The data format is as in the 640 by 200 mode with 
1-bit per pixel. In this mode, the background color is black with a 
software selectable single color or green level foreground. 


MEMORY 200-LINE 400-LINE 
ADDRESS GRAPHICS MODE GRAPHICS MODE 
88000 


LINES (0,2,4,__, 198) LINES (0,4,8,__,396) 


OBSF3F 6 
OBAOOO FASE 

LINES (1,3,5,__,199)| LINES (1,5,9,_,397) 
OBBF3F 
oBcooo 

LINES (0,2,4,__, 198) LINES (2,6,10,_,398) 
OBDF3F PAGE 1 
oBeooO 

LINES (1,3,5,__, 199) LINES (3,7,11,__,399) 


OBFF3F 


Figure 4-21. Memory Map, 200-Line and 400-Line 
Graphic Modes 


320 x 200 Graphics Mode 


The 320 x 200 graphics mode is fully compatible with the IBM PC 
medium-resolution color graphics mode. The graphics output stage 
pairs the latched data bits RLATO to 15 to form a two-bit color 
code for each pixel. Each memory byte defines the color code for 
four pixels as shown in the following table. 


‘Address 088000 088001 
RLATBt|7 6[5 4|[3 2[1 O]15 14/13 12/11 10]9 8 
Pixel o Ce ee 1 3 6 “ 7 

Code a Bla sla sla sla pla pila pla op 


The color code defines one of four palette colors for each pixel as 
follows. 
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Color 
Background Color 
Foreground Color 1 
Foreground Color 2 
Foreground Color 3 


The Background color is defined by setting the BLAT, GLAT, 
RLAT, and ILAT bits of the color select register, and may be any 
one of the available 16 colors. The three foreground colors are 
defined by one of two palettes. The palettes are selected by the 
320x200 COLORS bit of the color select register. The colors 
available in each palette are listed below. 


320x200 COLORS | Color 
Color 1 0 Green 
Color 2 0 Red 
Color 3 0 Yellow 
Color 1 1 Cyan 
Color 2 1 Magenta 
Color 3 1 White 


In addition, the ALTBACK bit of the color select register may be 
set to highlight the foreground colors. 


Memory mapping for the 320 x 200 graphics mode is similar to 
that for the 640 x 200 graphics mode. Even lines start at memory 
address 0B8000 and odd lines start at memory address 0BA000. A 
second screen page of memory is available starting at memory 
address 0BC000. In order to access the second page, the PAGESEL 
bit of the mode select 2 register must be set. 


Alphanumeric Modes 


When operating in the alphanumeric modes, each 16-bit word 
defines one character. The low byte defines one of 256 character 
codes, while the high byte defines the associated character 
attributes. 
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Character Code Attribute 

Byte Byte 

Address B8000 BS001 
RLATBit]7 6 5 4 3 2 1 Of 15 WwW 13 12 M1 9 8 


The character generation circuitry uses the latched character code 
bits RLATO to 7 in the generation of the alpha data bits 
ALPHADAT to 7, and the latched character attribute bits RLATS8 
to 15 in the generation of the decoded character attribute bits 
ALATO to 7. The alpha data bits ALPHADAT to 7 define the 
current line of the current character of the current character set. 
The SETSEL bit of the mode select 2 register is used to select 
between two character sets in the character ROM, assuming that 
an 8K ROM is installed. If a 4K character ROM is installed, there 
is only one character set. 


If the BLINK/-BI bit of the mode select 1 register and the 
UNDERLINE bit of the mode select 2 register are both set to a 
logic 0, ALATO to 7 follow RLATS to 15 to define the foreground 
and background colors as shown below in the following table. 


[Background | Foreground 
[ALATBit [7 6 5 4/3 2 1 0 
[Attribute [T RG Blt R G BI 


The foreground and background color for each character cell may 
be any one of the available 16 colors. 


The Display Controller allows characters to be underlined by 
setting the UNDERLINE bit to a logic 1. If the attribute byte is 
set for a blue foreground color (ignoring the intensity bit) then the 
resulting character is white and underlined if the UNDERLINE bit 
is set, and blue or green if it is not. The foreground intensity bit 
may be used to highlight underlined characters and characters 
with other foreground colors remaining unaffected. Setting the 
BLINK/-BI bit to a logic 1, forces the background intensity bit 
ALATT low and RLAT15 becomes the blink attribute bit for the 
current character. 
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The HRES bit of the mode select 1 register selects between the 40 
x 25 and 80 x 25 alphanumeric modes. Setting HRES to a logic 0 
selects the 40 x 25 alphanumeric mode. 


Memory mapping is linear with the upper left-hand character on 
the screen starting at address 0B8000. Character addressing 
increments across the screen with the second character row 
following the first. Sixteen screen pages are available when 
operating in the 40 x 25 alphanumeric mode and eight screen pages 
are available when operating in the 80 x 25 alphanumeric mode. 
To ensure IBM compatibility, the PAGESEL bit of the mode select 
2 register must be set to access the upper-half of the Display 
RAM. 


When emulating IBM alphanumeric modes, a 400-line display is 
used, resulting in character cells of 8 x 16 pixels. To maintain IBM 
compatibility, the number of scan lines per character row and the 
cursor start and end values are doubled by the scrambler circuitry. 
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Programming the I/O Registers 


There are various general purpose programmable 1/O registers in 
this Display Controller. To support the additional features 
provided by the Display Controller Board, register bit definitions 
have been extended and one output register has been added. The 
input signal -IOADD is low whenever the address bits A9 through 
A4 have the value of 3D hex. This signal enables the decoder. Bits 
AO through A3 are then decoded to select the particular register as 
shown in the following table. 


Neer A9 AB AT AG AS Ad AS AZ Al AO| Register 

obo] 1.1 1 1 0 x 0 x x O | 6S5CRT 
Controller 

03D1 1 7 1 1 0 x 0 x x 1 
Controller 
Control 

03D8 1 1 1 1 0 x 1 0 0 0 Mode Select 1 

op9 | 1 1 1 1 0 x 1 9 0 1 | Color Select 

03DA 1 t 1 1 0 . 1 0 1 0 Status 

opp | 1 1 1 1 0 x 2 6 1 1 | Light Pen Clear 
Strobe 

ope |i 1 1 2 0 x 1 1 0 © J Light Pen Set 
Strobe 

opp | 1 1 1 2 0 x 1 1 0 1 | Look-up Table 
Write Strobe 

03DE x 1 1 1 0 x 1 1 1 0 leet 2 

opp [1 1 1 1 0 x 1 1 1 __1 | SpareStrobe 


Note 1: The I/O address space for Display Controller 
Board is from 03C0 to 03DF. Address bit Ad is ignored by 
the address decoder, so the address space 03C0 to 03CF is 
mapped the same as 03D0 to 03DF. Address space 03C0 to 
03CF should be considered unusable. 


Note 2: The light pen clear and set strobes, look-up table 
write strobe, and spare strobe are not used on Display 
Controller Board. These are sent to the Display 
Enhancement Connector for use on the Display 
Enhancement Board (DEB). 
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Mode Select 1 Register—Output Only 


Address 03D8 Hex 
Bit] - - 5 4 3 


VIDE 
640x200 BY 
BLINK/ -BI 


Bit 0, HRES is the High-Resolution Mode bit. This bit selects 
between the 40x25 and 80x25 alpha modes. When set to a logic 1, 
the 40x25 alpha mode is selected. 


Bit 1, GRAPH is the Graphics Mode bit. This bit selects between 
the character modes and the graphic modes. When set to a logic 1, 
the character output stage is disabled and the 320-wide graphics 
output buffer is enabled. 


Bit 2, This bit is not used. 


Bit 3, VIDE is the Video Enable bit. When set to a logic 0, the 
display is blanked. 


Bit 4, 640x200 BW is the 640-Wide Graphics bit. This bit selects 
between 640-wide graphics and 320-wide graphics. When set to a 
logic 1, the 640 wide graphics output buffer is enabled and the 
320-wide output buffer is disabled. 


Bit 5, BLINK/-BI is the Blink/-Background Intensity bit. This bit 
determines the role of RLAT15 as a character attribute. When set 
to a logic 1, RLAT15 becomes the blink attribute for the current 
character. When set to a logic 0, RLAT15 becomes the background 
intensity signal of the current character. 
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Mode Select 2 Register—Output Only 


Address 03DE Hex 


M20 
DEGAUSS 
SETSEL 
PAGESEL 
-IMODEO 
IMODEL 
UNDERLINE 
ZS8000CLKE 


[— 


Bit 0, Not Used. M20 is the non-IBM graphics bit. When set to a 
logic 1, the CRT RAM addressing is changed to stop the line 
pairing. Line pairing is enabled when M20 is set to a logic 0. It is 
always set to a logic 0. 


Bit 1, DEGAUSS is the Color Display Degauss bit. When set to a 
logic 1, the Color Display degaussing circuitry is activated. This 
signal has no effect on a Monochrome Display. 


Bit 2, SETSEL is the Character Set Select bit. This bit selects 
between the two character sets. When set to a logic 1, this bit 
selects the alternate set (assuming that an 8K ROM is installed). 
If a 4K ROM is installed (one character set), this bit has no effect. 


Bit 3, PAGESEL is the Display RAM Page Select bit. The 
wraparound for IBM character and graphics modes occurs at 16K, 
instead of the full 32K of the Display RAM. 


Bit 4 and Bit 5, -IMODEO0 and IMODE1 are the Display Mode 
bits. These bits are output to the display to set its mode of 
operation. Bit 4, which is inverted to produce IMODE(, selects 
between the 512x256 and 640x400 resolution modes while bit 5 has 
no function at present and is included for future expansion. When 
bit 4 is set to a logic 1, the 512x256 resolution mode is selected and 
when set to a logic 0, the 640x400 resolution mode is selected. 
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Bit 6, UNDERLINE is the Character Underline Enable bit. When 
set to a logic 1, the character underline circuitry is enabled and 
characters with a blue foreground color, ignoring the intensity bit, 
will appear as white underlined characters. The foreground 
intensity bit may be used to highlight underlined characters. This 
makes the underline attribute for the IBM PC/XT color 
alphanumeric modes the same as that for the IBM PC/XT 
monochrome alphanumeric modes. 


Bit 7, Not used, always set to 0. 


Color Select Register—Output Only 


ss_03D9 Hex 
5 4 3 201 


pe BLAT 
GLAT 


RLAT 

ILAT 

ALTBACK 
320x200 COLORS 


Bit 0 to Bit 3, BLAT, GLAT, RLAT, and ILAT are the Latched 
Graphics Color bits. These bits define the foreground color in the 
640-wide color graphics modes and define the background color in 
the 320-wide color graphics mode. 


Bit 4, ALTBACK is the 320-Wide Mode Foreground Intensity bit. 
This is the intensity bit for the three foreground colors of the 320- 
wide color graphics mode. Setting this bit to a logic 1 will 
highlight all foreground colors. 


Bit 5, 320x200 COLORS is the 320-Wide Mode Foreground Blue 
bit. This bit selects between the two color palettes. When set to a 
logic 0, the green/red/yellow palette is selected. When set to a 
logic 1, the cyan/magenta/white palette is selected. 
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Status Register—Input Only 
[asaress O3DA_Hex 
Bit] 7 6 5 4 3 2 10 4 


he -DISPENDLY1 
LPSTB 


LPsv 
LATVSYNC 
MONIDO 
MONID1 
EXP1D0 
EXP101 


Bit 0, -DISPENDLY1 is the Delayed Display Enable bit. When 
set to a logic 0, it indicates that a horizontal or vertical retrace is 
occurring. 


Bit 1, LPSTB is the Light Pen Strobe bit. This is an input from 
the Display Enhancement Board. This bit indicates that the light 
pen trigger has been set. 


Bit 2, LPSW is the Light Pen Switch bit. This is an input from 
the Display Enhancement Board. This bit indicates the status of 
the light pen switch. 


Bit 3, LATVSYNC is the Latched Vertical Sync bit. This bit is 
used to differentiate a horizontal retrace from a vertical retrace. 


Bit 4 and Bit 5, MONIDO and MONID1 are the Display (Monitor) 
Jdentification bits. These bits are used to provide an identification 
code that defines the type of Display connected to the system. The 
decoding of bit 4 and bit 5 is described as follows. 
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Note: The code for the standard monochrome display is 
the same as for no display at all. Bits 4 and 5 can also be 


Bit 5 | Bit 4| Display Type 
0 0 | Reserved 
0 1 | Reserved 
1 0 | Connector Color Display 
1 1_| Connector Monochrome Display 


driven low by the Display connected to the Display 
Enhancement Board. 


Bit 6 and Bit 7, EXPIDO and EXPID1 are the Expansion 
Identification bits. These bits are used to provide an identification 
code that defines the type of Display Enhancement Board 


installed. The decoding of bit 6 and bit 7 is as listed below. 


Bit 7 | Bit 6] Optional Display Controller Board Type 
0 0 | Optional Display Enhancement Board (DEB) 
0 1 Reserved 
1 0 Reserved 
1 1_| No Optional DEB 
Mode Selection 


The following summarizes the setting of the relevant mode select 
register bits for the various operating modes. 
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Mode _1 Mode 2 
43 o[7 5 4 0 
80 x 25 Alphanumeric 1010000 
40 x 25 Alphanumeric 0 0 1 0 0 0 0 
640 x 400 Graphics o111100 
640 x 200 Graphics 0111000 
320 x 200 Graphics o 110000 
512 x 256 Graphics 0 1 1 1 1 0 1 Not Used 
bal Z8000CLK 
IMODE1 
-IMODEO 
M20 
640X200 BW 
VIDE 
HRES 


Programming the 6845 CRT Controller 


The address space for the CRT Controller is from 03D0 hex to 
03D7 hex. However, address bits A2 and Al are ignored by the 
address decoder so that the only addresses that need to be 
considered are 03D0 hex and 03D1 hex. Addresses 03D2 hex to 
03D7 hex should be considered unusable. Address 03D0 hex is used 
to access the CRT Controller address register that points to one of 
eighteen control registers in the CRT Controller. Address 03D1 
hex is used to access the selected control register to read or write 
the control value. 


To load the control registers with the required values, the address 
register is first loaded with the control register pointer by 
executing an instruction to I/O address 03D0 hex. The selected 
control register is then loaded with the required value by executing 
an instruction to I/O address 03D1 hex. The following table gives 
the control function and value loaded into each register to control 
the various operating modes supported by this board. 
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Register 


Register Name 
Address | Number 


00} RO | Horizontal Total 
ol TU | Worizontal Displayed 
2 R2-— | Horizontal Syne Position 
3 K3 | Horizontal Syne Width 


a IM | Vertical Total 

05 Ri | Vertical Total Adjust 
06 KG | Vertical Displayed 
07 Nt | Vertical Syne Position 


Program 
Unit 


Character 
Charaeler 
Character 
Character 


Character Row 
Sean Line 

Character Row 
Character Row 


———__—— 


Register Programmed Value 


40x25 | 80x25 
Read | Writ 
a Alpha | Alpha } Graphic 
———————— 
No | Yes} a8 | Tl | 38 


08 R8 | Interlace Mode 


09 NO | Maximum Sean Line Address 


Sean Line 


OA | RIO | Cursor Start 
OB) RL | Cursor End 


OC | RUZ | Start Address (I) 
OD | RIS | Start Address (L) 


i a 


OE | RIM | Cursor Address (Ht) 
OF | RIG | Cursor Address (1) 


Sean Line 
Sean Line 


10 | RIG | Light Pen (Ht) 


Hf RIT | Light Pen (L) 


| 
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Programming Extended Screen Length 


The following table lists the data values to be written to the 
Display Controller Board to obtain 25-, 26-, or 27-line operation. 
The values for 26- and 27-line operation are the same as for 25-line 
operation, except where shown. 


Register 
Address (Hex) 


Data (Hex) 
25 Lines 26 Lines 


27 Lines 


03D8 
03DE 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D0 
03D1 
03D8 


10 (Disable Video) 

00 (Set Operating Mode) 
0 
iat 


gee 
ges 


& 3 
~ © 
> i] 


a 
2 
a 
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09 (Enable Video) 


4-66 


Display Controller Board 


Display Boards 


-_ A 


Display Interface Connector, J5 


A description of the signals available on the Display Interface 
Connector (Figure 4-22) is given below. The I/O direction is with 
respect to the System Module. 


Display Interface Connector, J5 
Signal vO Description 
B(DO), 0 | Video Data—These lines are used to define colors or 
R(D1), shades of green as listed below. 
G(D2) 
HIGHLIGHT 0 Highlight—This line, when set to a logic 1, gives the 
(HL) highlight of the colors or shades of green as listed below. 
G R Bo HL Shades of 
D2 D1 DO HL Color Green 
0 0 0 ©O Black Black 
0 0 © 1 Dark Green Darkest Green 
0 0 1 0 Blue 
oO 0 1 1. Light Blue 
0 1 0 O- Red 
0 1 O 1 Light Red 
Oo 1 1 O- Magenta 
Oo 1 1 1 Light 
Magenta 
1 0 0 0 Green 
1 oO oO 1 Light Green 
1 0 1 O- Cyan 
1 0 1 1 Light Cyan 
1 1 0 0 Yellow 
1 01 0 1 Light 
Yellow 
1 1 1 0 White 
1 1 1 1 Highlight 
White Lightest 
Green 
MODEO 0 | Mode Select 0—This line is used to select the 512x256 
Low Resolution mode, when set to a logic 0, or the or the 
640x400 High Resolution mode, when set to a logic 1. 
MODE1 0 Mode Select 1—This line has no function at present and 


is included for future system expansion. 
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Display Interface Connector, J5 (Contd) 
Signal _| 1/0 Description 

TD0,IDI I | Display Identification—These lines are used to provide 
the Display Controller Board with an identification code 
that defines the type of display connected to the system 
The identification codes are as listed below. 

ID1 IDO Display Type 

0 0 Reserved 

oO 1 Reserved 

1 0 Connector Color Display 

1 1 Connector Monochrome Display 
Note: The code for the standard monochrome display is 
the same for no display at all. 

VSYNC 0 Vertical Synchronization 

HSYNC 0_| Horizontal Synchronization 

-DEGAUSS | 0 | Color Display Degauss—This line is used to activate 
the degaussing circuit of the color display. This line is 
active low. (Color Display only.) 

PCLK 0 | Pixel Clock—The pixel clock may be 24 MHz or 12 MHz, 
depending on the resolution mode selected. This line is 
not used by the Display and is made available for test 
devices, special applications, ete. 

BLANKING 0 Blanking—The blanking signal is one cycle of PCLK3 
early with respect to the video data. This line is not used 
by the Display and is made available for test devices, 
special applications, ete. 

415 V —_| +15 V =10% —on 2 contacts. (Monochrome Display only.) 

GND. —_ | Ground—on 8 contacts 

Pin | Signal Pin | Signal 

1 HSYNC 4 GND 

2 | IDO 15 | GND 

3 | VSYNC 16 | GND 

4 | R(D1) 17 | GND 

5 G(D2) 18 | GND 

6 | B(DO) 19 | GND 

7 HIGHLIGHT | 20 | GND 

ra es 21 | GND 

9 |- 22 | PCLK 
10 ID1 23 | BLANKING 
11_| MODEO a | +15V 
12 | MODEL 2 | +15 V 
13_| -DEGAUSS 
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Figure 4-22. Display Interface Connector 


Display Controller Board to Bus Expansion 
Board Interface 


The Display Controller Board has two pairs of edge connectors, J2 
(EBC)/J4 (BBC) and J1 (EBC)/J3 (BBC). The Motherboard plugs 
into connectors J2 and J4 while the Bus Expansion Board plugs 
into connectors J1 and J3. For all practical purposes, the Display 
Controller Board passively replicates the Motherboard bus signals 
into the Bus Expansion Board. For a description of the signals on 
connectors J2 and J4, see Chapter 3, Bus Expansion Interface. 
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Display Enhancement Connector, J6 


A description of the signals available on the Display Enhancement 
Connector (Figure 4-23) is provided on the following pages. The 
1/0 direction is with respect to the Display Controller Board. 


Display 


Enhancement Connector, J6 


Signal 


vo 


Description 


PCLKIN 


1 


Pixel Clock In—This line allows the source for 
the main Display Controller clock FINALCLK to be 
external to the Display Controller Board. PCLKIN 
is used for pixel clock margining or when the 
Display Enhancement Board provides the pixel 
clock. 


LPSTB 


Light Pen Strobe—This line is used to indicate 
when a light pen “hit” has occurred. LPSTB is bit 1 
of the status register, I/O address 03DA hex. 

The detection circuitry for the light pen is 
provided on the Display Enhancement Board. 


LPSW 


Light Pen Switch— This line is derived from 
the switch associated with the light pen. LPSW is 
bit 2of the status register, I/O address 03DA 
hex. The circuitry for the light pin switch input 
is provided on the Display Enhancement Board. 


MONIDO, MONID1 I 


Display (Monitor) Identification—These lines 
identify the type of display connected to the system. 
The decoding of MONIDO and MONIDI is as listed 
below. These lines may be driven low by the 
Display connected to the Display Controller 
Board or by the Display connected to the Display 
Enhancement Board. These lines include pull-up 
resistors to +5 V so that the bit pattern for no 


Display at all is the same as that for the standard 
Monochrome Display. 


MONID1 MONIDO Display Type 


0 0 Reserved 

0 1 Reserved 

1 0 Color Display 
Connector 

1 1 Monochrome Display 
Connector 


MONIDO and MONID1 are bits 4 and 5, respectively, 
| of the status register I/O address 03DA hex. 
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Display Enhancement Connector, J6 (Contd) 


+ 


Signal 


vo 


Description 


EXPIDO, 
EXPID1 


7 


Expansion Identification—These lines are used to 
identify the type of optional Display Controller Board 
installed. The decoding of EXPIDO and EXPID1 is as 
listed below. These lines include pull-up resistors to 
+5 V to generate the bit pattern for no Display 
Enhancement Board. 


Display Enhancement 
EXPD1_ EXPDO_ Board Type 


0 ° Standard Display 
Enhancement Board 

0) 1 Reserved 

1 0 Reserved 

1 1 No Display 
Enhancement Board 


EXPID0 and EXPID1 are bits 6 and 7, respectively, of the 
status register I/O address 03DA hex. 


-SPARESTB 


Spare Strobe—This line is derived from the I/O 
register decoder, I/O address 03DF hex. The use of this 
line is undefined at present. 


-BLANKING 


Blanking—This line is derived from the blanking 
logic and is identical to BLANKING except for 
polarity. BLANKING is used directly as the blanking 
signal for the display. 


-BUSRDL 


Bus Read Latch—This line is derived from the timing 
logic and is used to latch data from the Display RAM 
data bus onto internal data bus. 


MUXSWCH 


Display RAM Address Multiplexer Switch—This 
line is derived from the timing logic and is used to 
multiplex between the row and column addresses for the 
display RAM. 


-RAS 


Display RAM Row Address Strobe—This line is 
derived from the timing logic and is used directly as the 
row address strobe for the Display RAM. 


SHFLD, 
-SHFLD 


Initial Shift Load—These lines are derived from the 
timing logic and are identical pulse trains except for 
polarity. SHFLD is used to load the alpha data bits into 
the character output stage and -SHFLD is used in the 
generation of the character and graphics latch/load 
pulse CCARN and the CRT RAM fetch 
lateh/character colors latch pulse CCARNDLY. 
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Display Enhancement Connector, J6 (Contd) 


Signal 


vo 


| Description 


WRITEN 


0 


Display RAM Write Enable—This line is derived 
from the timing logic and is used to provide the correct 
pulse positioning relative to the row and column 
address strobes when the requirements for a display 
RAM write are met. 


CRT/-CPU 


CRT/-CPU—This line is derived from the timing logic 
and is used to select between CRT and CPU use of the 
Display Controller Board. 


CAS 


Display RAM Column Address Strobe—This line 
is derived from the timing logic and is used in the 

generation of the display RAM high and low bank 

column address strobes. 


-W 


Display RAM Write Enable—This line is derived 
from the address decoder. 


-VRAMREQ 


Display RAM Request—This line is derived from the 
address decoder and is set low when the Motherboard 
attempts to access the Display RAM address space. 


ALATO to 
ALAT7 


Decoded Character Attributes—These lines are 
derived from the underline logic. ALATO to ALAT3 
are the fully decoded foreground color bits and 
ATLA4 to ALAT7 are the fully decoded background color 
bits. 


SETFOREU 


Set Foreground Underline—This line is derived from 
the underline logic and is set low during the actual time 
of character underlining. 


BLINKBIT 


Character Blink Attribute Bit—This line is derived 
from the underline logic and is a relatched version of 
RLATI5, the character background intensity/character 
blink attribute bit. 


EXPH, 
EXPR, 
PG, 
EXPB 


Expansion Highlight, Red, Blue and Green—These 
lines are derived from the blanking and output driver 
and are the fully decoded video bits immediately prior to 
final output driver. 


LUTWSTB 


Look-up Table Write Strobe—This line is derived 
from the I/O register address decoder, 1/0 address 03DD 
hex. 
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Display Enhancement Connector, J6 (Contd) 


Signal 1/0 


Description 


-LPSET 0 


Light Pen Set Strobe—This line is derived from the 
I/O register address decoder, 1/0 address 03DC hex. 


-LPCLR oO Light Pen Clear Strobe—This line is derived from 
the 1/0 register address decoder, I/O address 03DB hex. 
MODEWSTBI ie) Mode Write Strobe 1—This line is derived from 


the I/O register address decoder, 1/O address 03D8 hex. 


MODEWSTB2 


RLATO to 
RLAT7 


Mode Write Strobe 2—This line is derived from 
the I/O register address decoder, I/O address 03DE hex. 


Latched Low Byte From Display RAM—These 
lines are derived from the Display RAM data bus. 


Display Enhancement Connector Pin Labels 


Pin | Signal Pin | Signal 
1 | -BUSRDL 2 | -LPCLR 
3 |= 4 | RLATS 
5 | SETFOREU 6 | CRT/-CPU 
7 | -LPSET 8 | RLATA 
9 | SPARESTB 10 | RLAT3 
ul | RLATT 12. | RLAT2 
13, | RLATI 14 | LPSW 
15 | LUTWSTB 16 | RLATO 
17 | LPSTB 18 | RLAT6 
19 | MONID1 20 | MODEWSTB2 
a | — 22 | BLINKBIT 
23 | -EXPAND1 23. | SHFLD 
25 | -EXPANDO 26 | ALATA 
27 | -BOARDW 23 | ALATS 
29 | EXPH 30. | ALATI 
31 | EXPR 32. | ALAT6 
33. | EXPG 34 | ALATT 
35 | EXPB 36 | ALATO 
37 | -VRAMREQ 38 | ALAT2 
39 | MONIDO 40 | ALATS 
41] -W 42 | - 
43. | CAS 44 | MODEWSTB1 
45 | MUXSWCH 46 | -BLANKING 
47 | PCLKIN 43 | WRITEN 
49 _| -RAS 50 -SHFLD 
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Figure 4-23. Enhancement Connector, J6 


Configuration Jumper Settings 


Selection of the source for FINALCLK is determined by the setting 
of two jumpers and the mode select 2 register Z8000CLKE bit as 
listed below. 


Jumper A Z8000CLKE Function 

306, 0 Selects system 24 MHz clock, CLK24 
2t03 

5 to 6, 0 Selects crystal oscillator output, LOCAL24. 
2tol ttiny for PC 6300 PLUS. 

5 to6 1 ts Z8000 clock, Z8000CLK (Not Used). 
5to4d x Selects pixel clock input, PCLKIN. 


Display Controller Board 


Display Boards 


BUS 

EXPANSION RETAINING 
INTERFACE BRACKET 

if 


| 


MOTHERBOARD DISPLAY 
CONNECTOR CONNECTOR 


Figure 4-24. Jumper Block Location 


Disable Option (P4 Display Controller Board 
Only) 


The Display Controller Board may disabled allowing you to use 
third party video boards. To disable the Display Controller Board, 
the 74LS00 chip located in a socket located at position 6H (Figure 
4-24) must be replaced with a disabler. The disabler can be made 
by using a standard 14-pin Augat header and 20 gauge wire. The 
header must be wired with pins 3, 8, 11, and 14 connected together 
and pins 6 and 7 connected to each other. No other pins are 
connected. 
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Overview 


The Display Enhancement Board (DEB) is an optional board which 
is inserted into a dual expansion slots on the Bus Expansion Board. 
It is used to upgrade the Display Controller Board to a high 
performance Display Controller. It is connected to the Display 
Controller Board via a small flat cable while the Bus Expansion 
Board acts as an interface between the DEB and the system. 


This board provides additional display features to the Display 
Controller Board such as: 


@ Upto three additional 640 x 400 bit planes 

@ Software controlled Look-Up Table 

@ Ability to display 16 colors simultaneously 

@ Ability to display characters and graphics simultaneously 
@ Blinking pixels in graphics modes. 

The DEB can be set to operate in four different modes, namely: 


Transparent Mode: In this mode, the Display Controller Board’s 
outputs pass directly to the DEB output without any modification. 
The DEB board is thus transparent to the Display Controller. This 
mode is automatically selected when the system is switched on or 
whenever a hardware reset is generated. 
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16-Color Graphics Mode: With this mode, each pixel can be one 
of sixteen colors. This feature is possible in the 200-line modes as 
well as the 400-line modes. The DEB’s outputs are combined with 
the outputs of the three memory bit planes to generate an 8-bit 
address at the Look-Up Table which contains the 16-color palette. 
The output of the Look-Up Table is a 4-bit pattern which is 
transmitted to the Display as one of the 16 colors. 


Alpha/Graphics Overlay Mode: This mode permits 
alphanumeric text to be displayed together with graphics. It also 
enables each pixel to have one of 16 colors. This is done by setting 
the Display Controller Board for the 80x25 alphanumeric mode and 
the DEB for the 16-color graphics mode. The Display Controller 
Board’s outputs are combined with the outputs of the three DEB 
memory-bit planes to form a 7-bit address to the Look-Up Table. 
The output of the Look-Up Table is then transmitted to the 
Display as one of the sixteen colors for each pixel. 


Little Look-Up Table Mode: This mode allows greater palette 
choices for the Display Controller Board graphics modes. It 
permits the 640x200 and the 640x400 modes background color to be 
chosen from a palette of 16 colors. This is done by properly 
programming the Look-Up Table to ignore the DEB’s outputs and 
thus allowing normal Display Controller Board operation through 
the LUT. 


The presence of the DEB in the system permits the connection of 
more than one Display. The DEB outputs go on to a 25-pin D-type 
connector on the board itself. When the DEB is not initialized, the 
Display Controller Board outputs are present on this connector. 
Thus, when only one Display is present, it must be connected to 
the connector on this board. The Display can be either color or 
monochrome. A second Display can be connected to the Display 
Controller Board which will display the normal Display Controller 
Board output. 


Since the Monochrome Display unit is powered by the system 
Power Supply, only one Monochrome Display can be connected to 
the system. The Color Displays are self-powered and so they can 
be connected to the system without causing any load to the system 
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Power Supply. Thus, when the DEB board is present in the 
system, two Color Displays or a Monochrome and a Color Display 
can be connected to the system. The Power Supply’s 15 V output 
must always be connected to whichever Display Board has a 
Monochrome Display. 


Functional Description 


The DEB circuitry consists of the following functional blocks: 


— Display address generator 


Three 32K-byte bit planes of dual-ported RAM 


— Color Look-Up Table 


Display output circuitry 

— Timing circuitry 

— 6845 CRT Controller circuitry 
— I/O circuitry 

— Phase lock circuitry 


Figure 4-25 is a block diagram of the DEB and the following 
description gives a functional explanation of the major blocks. 
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Data Bus Buffer 


During Display RAM write operations and I/O write operations, 
data on the Motherboard data bus is enabled on to the internal 
data bus, INDO-IND15, by the signal -BOARDW through two 
latches (74L$244). The signal -BOARDW is low when the signals 
-IOR and -MEMR are both high. 


For Display RAM read operations and I/O read operations 
(-MEMR low and a valid DEB address), data on the internal bus is 
latched into the two 74LS374 latches by BUSRDCLK. The low and 
high bytes can be latched separately because only one byte needs 
to be latched during single-byte CPU operations. The low byte, 
INDO-IND7, is enabled on to the Motherboard bus by -BOARDRDL 
while the high byte, IND8-IND15, is enabled by -BOARDRDU. 


Display Memory 


The display memory on the DEB consists of three 32K-byte RAM 
memory bit planes (Figure 4-26). Each bit plane is similar to the 
RAM bit plane on the Display Controller Board. Bit plane 0 is 
located at byte addresses 0A0000-0A7FFF, bit plane 1 at addresses 
0A8000-0AFFFF and bit plane 2 at addresses 0B0000-OB7FFF. The 
Display Controller Board bit plane is located at addresses 
0B8000-BFFFF and is considered as bit plane 3 in the 16-color 
graphics mode. 
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Figure 4-25. DEB Block Diagram (Sheet 1 of 2) 
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Figure 4-26. DEB Memory 


As in the Display Controller Board display memory, each bit plane 
is divided into two banks, a low-byte bank and a high-byte bank. 
Selection between banks is controlled by the column address 
strobes -POCASL and -POCASU in the case of bit plane 0, -P1CASL 
and -P1CASU for bit plane 1, and -P2CASU and -P2CASL for bit 
plane 2. These signals also control the selection of the particular 
bit plane addressed. The row address strobe -RAS and the write 
enable signal -W are used by both banks in all three bit planes. 


The RAM row and column addresses consist of the address bits 
DRAO-DRA7 and are generated by the address multiplexer 
described in the following section. 
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During CPU access of the display memory, the data first passes 
through the data bus buffer described earlier, then through the 
two bidirectional buffers (74LS245) in each bit plane. The outputs 
of these buffers are PODO-POD15 for bit plane 0, P1D0-P1D15 for 
bit plane 1, and P2D0-P2D15 for bit plane 2. The three bit planes 
are enabled by -RAMBUFO, 1, and 2, respectively. The direction of 
the buffers is controlled by -BOARDW. 


During CRT access of the display memory, the data on the RAM 
data bus for each bit plane goes to the inputs of six shift registers 
(74S299). This data is parallel loaded into the shift registers by 
the signal -ESHFLD generated by the timing circuitry. The data 
is then clocked by PCLK2 to generate the three data-bit streams 
POVID, P1VID, and P2VID. Note that the shift registers can 
access the three bit planes simultaneously. This is required during 
the display refresh cycles. 


Display Enhancement Board (DEB) 4-83 


Display Boards 


Address Multiplexer 


The RAM row and column addresses are generated by the address 
multiplexer which consists mainly of the two 74LS$453 multiplexers 
(Figure 4-27). The RAM addresses, DRAO-DRAT, are formed by 
the multiplexing of the CPU address signals AO-A14 and the CRTC 
address signals MAO-MA1I, RAO, and RAl. The CPU address 
signals are used when the CPU is accessing the display memory 
while the 6845 CRT Controller address signals are used during a 
CRTC memory access operation. 


The two control signals RASEN and CAEN define whether the 
RAM address signals, DRAO-DRAT, consist of the CPU address 
signals or of the CRTC address signals. These two signals also 
decide whether the RAM address is a column address or a row 
address. This is done according to the following table. 


RASEN | CAEN | Address Type 
0 0 CRT Row 
0 1 CRT Column 
1 0 CPU Row 
1 1 CPU Column 


The derivation of the RAM addresses is according to the following 
tables. 


CPU Operation Row Addresses 


DRA7 | DRAG | DRA5 | DRA4 DRAB | DRA2 | DRA1 | DRAO 
AT A80 A6 A5 Ad A3 A2 Al 


A80 follows A8 when -IDACKO is high and AO when -IDACKO is 
low. Thus DRAG consists of A8 during a CPU operation while it 
consists of AO during a DMA refresh cycle. This is required to 
address all the RAM during a DMA refresh cycle during phase lock 
errors when CRT refresh is stopped. 
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Figure 4-27. Address Multiplexer 
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CPU Operation Column Addresses 


LDRAG DRAS | DRA4 | DRA3 | DRA2 | DRAL 
All Al0 AQ 


LAM4 LC Al3 Al2 


CRT Operation Row Addresses 


DRA7 | DRAG | DRA5 | DRA4 | DRAB | DRA2 | DRA1 | DRAO 
MA6 MAT MAS [| MA4 MA3 MA2 MAL MAO 


CRT Operation Column Addresses 


DRAG | DRA5 | DRA4 | DRAS | DRA2 | DRAL 
RAB | RAA | MAN | MAlO | MA9 | MAB 


The two multiplexer inputs RAA and RAB are generated by the 
PALI10L8 and depend on the state of the signal OLIB as shown in 
the following table. 


OLI OLIB=1 
a 
RAA | RAL RAO 
RAB | PAGESEL | RA1 


When OLIB is high, as in the case of the 400-line and 256-line 
modes, DRAS5 and RAA follow RAO while DRA6 and RAB follow 
RA1. RAO and RAJ are the raster address signals generated by 
the 6845 CRT Controller. 


When OLIB is low, DRA5 and RAA follow RA1 while DRA6 and 
RAB follow PAGESEL. This is used for 200-line operation on a 
400-line Display. Since, in this case, RAO does not form part of the 
address, only 200 scan lines are generated. The PAGESEL bit 
switches the CRT refresh addressing to the second 16K bytes of 


RAM. 
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The I/O space reserved for the Display Controllers I/O registers in 

the system is between addresses 03D0 hex and 03DF hex. The ' 
following table shows the I/O registers addresses present in the 

Display Controller Board and in the DEB. 


Hex 
Addr. 


Register 


A9 ABS AT AG AS Ad AS AZ AL AO ; 
Function 


03D0 1 1 1 0 10 0 YT 6845 Register 

03D1 Pot 1 0 1 0 2 2 1 | 6845 Register 

o3D8 1 1 1 0 1 1 0 0 0 | Mode Select 1 

03D9 1 1 2 0 1 2 0 60-1 | Color Select 

O3sDA ee ee ee? Oe Cs, es OE add Be 

03DB Pororoo ror 0 1 1 | Clear Light 
Pen 

o3DC Por ort 0 1 1 1 OO | Lateh Set 


Light Pen 
1/0 Circuit 
Address 
Mode Select 2 
Spare Strobe 


03DD 


03DE 
O3DF 


In order to be able to address more registers than the ones in the 
I/O address space from 03D0—03DF, several registers are loaded 
by accessing the same address. This is done by addressing the I/O 
circuit address register whose outputs address another three 
registers. 
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DEB Address Register 


The DEB Address Register (Figure 4-28) consists of a 7T4LS175 
quad flip-flop, has an address of 03DD hex and is strobed by the 
signal -LUTWSTB. This register selects the port to be accessed by 
a write operation on the DEB. It is a 3-bit register and each bit is 
described below: 


[Bie Se to] 
L EMODEN 
-LUTSTB 
68452 
EMODEN When set, this bit selects the DEB mode 


control register during write operations at I/O 
address 03DF hex. 


-LUTSTB When set, this bit generates the signal LUTSTB 
and selects the Look-Up Table and its 
associated address counter at I/O address 03DF 
hex. 


68452 When set, this bit allows access to the 6845 
CRT Controller registers at addresses 03DB hex 
and 03DC hex and disables access at 03D0 hex 
and 03D1 hex. In this manner, the 6845 CRT 
Controller on the Display Controller Board can 
be programmed separately from the 6845 CRT 
Controller on the DEB. 
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Figure 4-28. DEB Address Register 


The two bits, -LUTSTB and 68452, are input to the 


L20R4 and, 


together with the signal A3 to A9, AEN, -LPCLR, -LPSET and the 
4 MHz clock, control the outputs of the PAL20R4 as shown in the 


following table: 


PAL Inputs PAL Outputs Function 
HHHHLHLHHLEL LAC TL LAL Lad | 6815E ASSERTED 
HHHHLHLHHLELLAC|]L LAL HL #8] HOLD OUTPU 
HHHHLHLHHLELLAC]LLEAL HHH] HOLDAGAIN 
HHHHLHLWHHLLE LAC] LHL ALL | DROPE,END WAIT 
HHHHLHLWHLL LAC] LAH LH AHH | ALLOW CPU CYCLE END 
HHHHLHLHHLLLAC]H HLH HHH] BACK TOCLEAR 
XXXXXXHHHHHLE LC] AHL AHH L | FINISH -LUTW CHECK 
XXXXXXHHHLHHHC] LLL LL LH | CHECK -6815ADD SAL 
XXXXXXHHHHLHH CTL LHL LH | CHECK -6815ADD SAL 
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The PAL output signals consist of: 


-6845ADD 


-LUTW 


-6845WAIT 


6845E 


This is the 6845 CRT Controller address signal. 
It goes low when a 6845 access request is 
detected. It is one of the inputs to the 
PALI6R4 in the 6845 circuitry. 


This is the Look-Up Table write strobe. It goes 
low when the signal -LUTSTB is low meaning 
that the Look-Up Table port is enabled and the 
CPU accesses I/O address 03DF hex. It is used 
to generate the -W write enable signal for the 
Look-Up Table RAM and to clock the LUT 
write address counter. 


This signal is used to force the ORDY signal 
low during a 6845 access indicating that a 
memory operation is still in progress. 


This is the 6845 bus interface clock. It is used 
to clock the data into the 6845 CRT Controller 
and the PALI6R4. This signal goes high during 
a 6845 access. 


The timing of the PAL output signals is shown in the following 


timing diagram. 
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Figure 4-29. PAL Outputs Timing 
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DEB Mode Control Register 


This is an 8-bit register which controls the Look-Up Table 
operation, DEB outputs, memory mapping, and Display ID 
determination. It is selected when bit 0 of the DEB Address 
Register, EMODEN is set. It is cleared on reset to allow 
transparent operation of the DEB. 


LUTOUT 


-LUTCOUNTLD 


LUTCOUNTOE 


4-92 


L LUTOUT 
-LUTCOUNTLD 


LUTCOUNTOE, 
LITTLEBIT 
LUTSEL 
OLIB 
ENHANID 
EVIDE 


When this signal is present, the output of 
the Look-Up Table is routed to the output 
connector. When this signal is low, the 
transparent output of the Look-Up Table is 
selected. 


When low, this signal causes the Look-Up 
Table address counter to load the data 
present on the internal data bus. 


When the signal LUTCOUNTOE is high, 
the address for the Look-Up Table is 
formed by the output of Look-Up Table 
address counter. When low, the LUT 
address is formed by bits containing video 
information. 
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LITTLEBIT 


LUTSEL 


OLIB 


ENHANID 


EVIDE 


When the signal LITTLEBIT is set, it clears 
the four most significant LUT address 
inputs. Thus only the four least significant 
bits are used allowing fast programming of 
the Look-Up Table which appears to have 
only 16 locations. 


This signal determines the mode of 
operation of the DEB. When low, it selects 
the alpha/graphic overlay mode or the little 
LUT mode. When high, it selects the 16- 
color graphics mode or the transparent 
mode. 


This bit inhibits line pairing on the DEB 
and so it is high for the 400-line modes. 


When set, this signal provides the Display 
Controller Display ID on the MONID bits 
and the DEB Display ID on the EXPID bits 
of the Display Controller Board status 
register. 


When low, this signal disables the DEB 
Display output by forcing the Look-Up 
Table outputs low. It has no effect when in 
the transparent mode. 
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Mode Select Register 1 


The signal MODEWSTB1 generated by the Display Controller 
Board enables the I/O mode select register 1 (address 03D8 hex) on 
the DEB. The contents of this register is: 


HRES 


VIDE 


640x200 


This is the high resolution bit which must be 
active during the 80x25 alphanumeric mode. It 
is low during all other modes. 


This is the video enable bit. When set to a 
logic 0 the display is blanked. When set to a 
logic 1 it enables the Display Controller Board 
video output. 


This is the 640-wide bit. It selects between 
640-wide and 320-wide graphics. It is set to 
logic 1 when the Display Controller Board is in 
the 640x200, 640x400, or 512x256 graphics mode. 
It is set to logic 0 in all other modes. 
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Mode Select Register 2 


The signal MODEWSTR2 generated by the Display Controller 
Board enables the I/O mode select register 2 (address 03DE hex) 
on the DEB. The contents of this register is: 


DEGAUSS 


PAGESEL 


-IMODEO 


IMODE1 


Z8000CLKE 


This is the color display degauss bit. When set 
to a logic 1 the color display degaussing 
circuitry is activated. It has no effect on a 
Monochrome Display. 


This is the RAM page select bit. It switches 
video refresh addressing to the second 16K 
bytes of RAM on both the Display Controller 
Board and the DEB when the boards are 
operated in the 200-line graphics mode, or when 
the Display Controller Board is operated in the 
alphanumeric mode. 


Internal display mode bit. When low, this bit 
puts the Display into the 400-line mode while 
when high it selects the 256-line mode. 


Internal display mode bit. Undefined. 


This is the Z8000 Pixel Clock Enable bit. When 
set to a logic 1, the 24-MHz clock from the 
Motherboard is disabled. 
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I.D. Circuitry 


The PAL 10L8 receives Display I.D. signals from the I/O mode 
select registers and the Display output connector to generate the 
following I.D. signals. 


MONIDO and 
MONID1 


EXPID1 


EXPIDO 
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These are the Display (Monitor) Identification 
signals. They are output on the DEB 
connector, which connects the DEB with the 
Display Controller Board, and are read by the 
CPU at the Display Controller Board status 
register. They are pulled low when ENHANID 
is low to drive the Display ID. for the DEB 
Display. When ENHANID is high, these lines 
are all pulled low by the Display I.D. signals 
EMONID0 and EMONID1. 


This is an expansion identification signal. It is 
output on the DEB connector connecting the 
board with the Display Controller Board. It is 
read by the CPU at the Display Controller 
Board status register. It indicates the state of 
jumper A. Jumper A is present when no 
Display is connected to the Display Controller 
Board. In this case EXPID1 is low. Jumper A 
js not installed when a Display is connected to 
the Display Controller Board. In this case the 
signal EXPID1 is high. When ENHANID is 
high, EXPID1 follows the signal EMONID1 
which is the DEB Display ID1 bit. 


This is an expansion identification signal. It is 
output on the DEB connector connecting the 
board with the Display Controller Board. It is 
read by the CPU at the Display Controller 
Board status register. It goes low when 
ENHANID goes low indicating the presence of 
the DEB. When ENHANID is high, EXPIDO 
follows the signal EMONID0 which is the DEB 
IDO bit. 
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-3200E 


-6400E 


This is the 320 pixel/line output enable. It goes 
low when the Display Controller Board is 
operating with a 12-MHz clock (40x25 
alphanumeric mode and 320x200 graphics 
mode). It is high when the Display Controller 
Board is in the high resolution mode (HRES 
and 640x200 high). It is used to select the latch 
receiving the 320 mode Display Controller 
Board video outputs in the Look-Up Table 
circuitry. 


This is the 640 pixel/line output enable. It goes 
low when the Display Controller Board is 
operating with a 24-MHz clock (80x25 
alphanumeric, 640x200 graphics, 640x400 
graphics and 512x256 graphics modes). It goes 
low when HRES is high or when 640x200 is 
high. 
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Look-Up Table 


The Look-Up Table consist of a 256 location by 4-bit dual ported 
RAM which may be loaded by the CPU under program control and 
is I/O mapped. It contains the DEB palette of 16 colors and its 
outputs consists of 4-bits which form the display inputs B (D0), 

R (D1), G (D2), and H (D3). 


Look-Up Table Write Operation 


The Look-Up Table RAM can be loaded by the CPU through the 
data lines INDO-IND3. Addresses to specific locations in the 
Look-Up Table are generated by the 8-bit counter 74LS469 which 
may be loaded or incremented under control of the DEB control 
register. The low signal -LUTCOUNTLD loads the counter with 
the data present on the data lines INDO-IND7. The low signal 
-LUTCOUNTOE enables the counter whose outputs are 
incremented at the end of each Look-Up Table write operation by 
the clock -LUTW. Thus this counter generates addresses for the 
Look-Up Table during Look-Up Table write operation. 


The low, -LUTW, signal also enables the Look-Up Table for a write 
operation. When the signal -LUTCOUNTLD goes high, the 
Look-Up Table is selected and the contents of the address counter 
addresses a location in the Look-Up Table RAM. The data present 
on the INDO - IND3 data lines is written in the address location. 
See Figure 4-30. 
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Figure 4-30. LUT Write Circuitry 


Look-Up Table Read Operation 


During normal video operation, the Look-Up Table is read to give 
the required video signals. Each mode of operation generates the 
Look-Up Table addresses in a different way. 


The DEB mode control register defines the Look-Up Table mode of 
operation. Address generation for the LUT depends on the state of 
the two signals LITTLEBIT and LUTSEL. The following table 
shows the register settings for each mode. 
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Mode Bit| 7, 6 5 4 3 2 1 0 

Transparent 00000000 

Little Lut BOY GOP 1 OL Ay od 

16-Color Graphics (400 Line) TOS, Bd. 5 

16-Color Graphics (256 Line) bod 001 1 

16-Color Graphics (200 Line) 100310011 

Alpha/Graphics (400 Line) 10100011 

Alpha/Graphics (200 Line) 10000011 

Le ieee 

-LUTCONTLD 
LUTCOUNTOE 
LITTLEBIT 
LUTSEL 
OLIB 
ENHANID 
EVIDE 


Transparent Mode 


In the transparent mode (Figure 4-31), the Look-Up Table is 
bypassed completely and so the Display will function in the mode 
set by the Display Controller Board. The signals -3200E and 
-6400E enable one of the 748374 buffers. The signal -3200E is low 
when the Display Controller Board mode is set for a 320-line mode 
and the signal -6400E is low when the Display Controller Board 
mode is a 640-line mode. The 320-line mode buffer is clocked by 
the 12MHz clock, while the 640-mode buffer is clocked by PCLK3 
which is a 24-MHz clock. The buffer inputs consist of the EXPB, 
EXPR, EXPG and EXPH signals which are the Display Controller 
Board outputs. 


The outputs from the buffers, INDB, INDR, INDG and INDH, go 
to the inputs of the multiplexer 745399. Since the signal LUTOUT 
is low during this mode, the input signals are clocked out by 
PCLK3 through the quad flip flop 74LS374 as OUTB, OUTR, OUTG 
and OUTH, respectively. 
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Figure 4-31. Transparent Mode Operation 


16-Color Graphics Mode 


In the 16-color graphics mode, the Look-Up Table is selected by the 
signal -LUTCOUNTLD being high (Figure 4-32). The 640-line 
mode buffer is enabled by the signal -6400E being low. The signal 
LUTSEL high selects the B inputs to be output at the multiplexer 
74LS157. The address buffer 74S374 is enabled by the low signal 
LUTCOUNTOE. Thus the Look-Up Table address consists of the 
following bits: 


AZ A6 AS A4 | A3 A2 Al AO 
BLINK1 | BLINK2 | RAO | PAT1 | EXPB | P2VID | PIVID | POVID 


POVID, P1VID, and P2VID are the three data bit streams output 
from the DEB board memory bit planes. 


EXPB is the blue bit from the Display Controller Board. 
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PATI is a 50% duty cycle clock with a period equal to two pixels. 


RAO is the RAO line from the 6845 CRT Controller and so is zero 
on the first line, 1 on the second line, zero on the third line, etc. 


BLINK1 is a 50% duty cycle clock with a period equal to 1/16 of 
the vertical frequency. 


BLINK2 is a 50% duty cycle clock with a period double that of 
BLINK 1. 


The Look-Up Table outputs consist of the contents of the addressed 
location. They pass through the 74S163 latch and go to the Il 
inputs of the multiplexer 748399. Since, in this mode, LUTOUT is 
high, these inputs are selected as outputs from the multiplexer to 
generate the OUTB, OUTR, OUTG and OUTH signals required by 
the Display. Data is clocked through each logic element by 
PCLK3. 
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Figure 4-32. Look-Up Table Circuitry 
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Alpha/Graphics Overlay Mode 


In the alpha/graphics overlay mode, the Look-Up Table is selected 
and addressed as in the 16-color graphics mode. The only 
difference is that the signal LUTSEL is low and so the outputs of 
the multiplexer 74LS157 contain the A inputs and not the B inputs. 
Thus the Look-Up Table address consists of the following bits: 


AZ A6 A5 A4 A3 A2 Al AO 
BLINK1 | EXPH | EXPG | EXPR | EXPB | P2VID | PIVID | POVID 


POVID, P1VID, and P2VID are the outputs from the three DEB 
memory bit planes. 


EXPB, EXPR, EXPG, and EXPH are the four bits output from the 
Display Controller Board. 


BLINK1 is a 50% duty cycle clock with a period equal to 1/16 of 
the vertical frequency. 


The path for the outputs of the Look-Up Table is the same as the 
one for the 16-color graphics described earlier. 


Little Look-Up Table Mode 


In the Little Look-Up Table mode, the Look-Up Table is selected 
and addressed as in the 16 alpha/graphics overlay mode. In this 
mode, the signal LITTLEBIT is set high and so it disables the 
74LS157 multiplexer and clears the 74LS393 counters causing the 
outputs of these two components to go all low. Thus the Look-Up 
Table address consists of the following bits: 


AZ| A6 | A5 | Ad A3 A2 Al AO 
0 0 [Lo 0 EXPB | P2VID | P1VID | PovID 


The address consists of only four bits and so the LUT, in this 
particular mode, functions as a 16-bit location RAM programmed 
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so that each location corresponds to one of the 16 colors. This 


permits the Display Controller Board graphics to have a choice of 
16 colors. 


Blanking 


Blanking of the Display screen is performed by the signal 
-BLANKINGE going low (Figure 4-33). This signal is low when 
either the display enable signal from the 6845 CRT Controller is 
low or when bit 7 of the mode control register EVIDE is low. 


DISPENE >> ~BLANKINGE 
EVIDE 
Figure 4-33. Blanking Circuitry 


-BLANKINGE goes to the clear input of the 74S163 and clears the 
flip-flops thus blanking the Display outputs. This can be 
accomplished in all modes of operation except in the transparent 
mode. 
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6845 CRT Controller Circuitry 


The three CRTC timing signals -6845ADD, -6845WAIT and 6845E 
are generated by the PAL20R4A (Figure 4-34). The signal 


-6845ADD is input to the PALI6R4 and goes low during a 6845 
access request. 
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Figure 4-34. 6845 CRT Controller Circuitry 


When low, this signal enables the 6845 CRT Controller and data is 
written to the 6845 on the falling edge of this signal. 


The signal -6845WAIT is low during a CRTC RAM access cycle and 
drives ORDY low (not’ready). It also drives the signal 
BUSRDCLK low. 


The control signals for the CRTC also include -RESET, -6845CLK, 
CS and R/-W. The two 6845 CRT Controller pins, CS and R/-W, 
are grounded. This means that the CRTC control registers are 
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only written to and never read. The system uses the CRTC control 
registers present on the Display Controller Board. 


The data signals to the CRTC must first pass through a scrambler 
circuit which consists of the PAL 16R4 and the PROM 2732A. The 
function of this circuit is to translate IBM register values for the 
6845 CRT Controller into the register values required for the board 
to be used with the PC 6300 PLUS’s Displays. 


The data bits INDO-IND3 and IND7 together with the signals 
-6845A DD, -A0 and 6845E are input to the PAL 16R4. The four 
PAL outputs QA, QB, QC, and QD are input as the four ROM 
address bits A8-All. The PROM address bits, A0-A7, consist of 
the data bits INDO-IND7. The other PAL output NEWAT decides 
whether the PROM acts in a transparent mode (the data into the 
PROM travels directly through the PROM without any 
modification whatsoever) or else in the scramble mode. 


If AT is set to a logic 0, the PROM goes in the scramble mode and 
the PROM outputs depend on the PROM address bits and the 
PROM contents. If A7 is set to a logic 1, the PROM goes in the 
transparent mode and the PROM outputs contain the data bits 
INDO-IND7 which are then input as the data bits D0-D7 in the 
6845 CRT Controller. 


The 6845 CRT Controller on the DEB is similar to the one on the 
Display Controller Board. The CRTC on DEB has the same 
addresses as the Display Controller Board CRTC, namely, 03D0 hex 
and 03D1 hex. But, it can also be addressed by first setting bit 2 
of the I/O circuit address register and then using the addresses 
03DC hex for the pointer register and 03DB hex for the timing 
registers. This is only used during the programming of the CRTC. 
Normally the two lines -LPCLR and -LPSET are used for the 
connection of a lightpen to the system. For a functional 
description of the 6845 CRT Controller, refer to the Display 
Controller Board description at the front of this chapter. 


The HSYNC and VSYNC signals are delayed by one 6845 clock to 
generate the signals HSYNCLAT and VSYNCLAT. The latter is 
then used to generate the horizontal and vertical synchronization 
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signals required by the Display. VSYNCLAT is also used to 
generate the signals BLINK1 and BLINK2 used as address bits by 
the Look-Up Table. 


The display enable DISPEN signal is active high when the RA and 
MA lines of the 6845 CRT Controller are addressing RAM data to 
be displayed during the Display’s active cycle. It is delayed by one 
6845 clock and used to generate the BLANKING signals required 
by the Display. It is also used to synchronize the DEB circuitry to 
the Display Controller Board circuitry. 


The raster address lines RAO and RAI indicate the current scan 
line of the character row being addressed. They change state at 
the start of each scan line. They are programmed to count from 0 
to 3 as in the Display Controller Board. Line pairing is used in the 
case of the 200-lines graphics. The signal OLIB prevents line 
pairing in the 400-lines graphics. 


The memory address signals MAO-MA11 are used to access 
periodically the refresh memory and thus refresh the screen. 12 
MA lines are used, but another two lines are required to address 
32K bytes of memory in each bit plane. These two lines carry the 
signals RAA and RAB which are a combination of the row address 
signals RAO and RAI. 


Timing Logic 


The counter 748163 is clocked by PCLK1 which is the 24-MHz clock 
generated by the oscillator (Figure 4-35). Note that CLK19 or the 
24-MHz clock generate the clock signals PCLKIN, PCLK2, and 
PCLK3 to be used in other parts of the board circuitry. PCLKIN 
goes to the Display Controller Board and is used as the new 
master clock to synchronize the two boards. 
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Figure 4-35. Timing Clocks Generation 


The counter (Figure 4-36) starts counting from zero to fifteen and 
thus provides the address bits A0-A3 for the timing PROM 
27S19A. The counter is enabled as long as the signal COUNTP, 
generated in the phase lock circuitry, is high. 


6845CLK 
~CPUEND 


ESHFLD 


~8845CLK 


Figure 4-36. Timing Logic 
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The counter is disabled whenever the DEB blanking is active while 
the Display Controller Board is still displaying an active picture. 
The counter is stopped until the Display Controller Board reaches 
its blanking stage and thus synchronization between the two 
boards is achieved. The address bit Ad is the signal 
-SRAMCYCLE generated in the arbitration circuit. It goes low 
during CPU cycles, allowing the PROM to generate different 
signals for CPU and CRT cycles. The timing PROM outputs are 
clocked into the octal D-type flip-flop by PCLK1. The following is 
a description of these signals. 


CAS This is the column address strobe. It goes to 
the PALIOLS8 to generate the upper and lower 
bytes column address strobes for each bit 


plane. 

-RAS This is the row address strobe which is used 
directly to latch the row addresses into the 
RAM. 

CAEN This is the column enable signal used by the 


address multiplexer to select between a row 
address and a column address. It is high for a 
column address and low for a row address. 


RASEN This signal is used by the address multiplexer 
to define whether the memory address is from 
the CPU or from the CRTC. It is high for CPU 
addresses and low for CRTC addresses. 


6845CLK This signal is used to clock the vertical and 
horizontal sync signals and the display enable 
signal from the 6845 CRT Controller. The 
inverse of this signal, -6845CLK, is the clock 
used by the CRTC. 
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-CPUEND This signal is high during a CPU RAM access 
cycle. It goes low at the end of the cycle 
releasing the Motherboard ORDY signal and 
signaling the end of the CPU access cycle. 


-RAMBUF This signal is used by the two PAL10L8 to 
generate the enable signals for the three sets of 
RAM data buffers. 


ESHFLD This shift load signal parallel loads the data 
bits from the three memory bit planes into the 
six shift registers. 


o1 This PROM output goes directly to the phase 
lock circuitry and is high when the timing 
counter is to be stopped counting. This signal 
insures that the RAM cycles are completed 
before the counter is disabled. 


The counter output, PAT1, is a 12-MHz clock used as an input in 
the LUT to allow horizontal dithering. 


Display Enhancement Board (DEB) “iti 


Display Boards 


Arbitration Circuit 


Arbitration between the memory requests originating from the 
CPU or DMAC and those from the CRTC is done by the signal 
CRT/-CPU (Figure 4-37). The Display Controller Board generates 
the signal -VRAMREQ low when the I/O address lines indicate an 
address in the Display RAM range of 0A0000 to OBFFFF and 
either -MEMR or -MEMW is active low. This indicates a memory 
access to either the Display Controller Board or the DEB. 
-VRAMREQ goes to the PALIOLS8 and if either Al5 or A16 is low 
(I/O address is for DEB) the signal -NEWRAMREQ goes low 
signaling that the CPU is accessing the DEB RAM. 


sqm 


or 


CRT/-CPU 


-CPUEND 


~SRAMREQ 


-6845WAIT 


BUSRDCLK 


Figure 4-37. Arbitration Circuit 


-NEWRAMREQ is then NANDed with -IDACKO to generate the 
signal RAMREQ. The signal RAMREQ going to a logic 1 clocks 
the flip-flop (74874) causing SRAMREQ to go high and ORDY to 
go low (not ready). The signal SRAMREQ is then clocked into 
another flip-flop (74S74) by RASEN to generate the signal 
CRT/-CPU which is low when the CPU or the refresh circuitry 
requires the DEB RAM and remains low until the flip-flop (74874) 
is clocked again by RASEN. 
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At the end of a CPU RAM access cycle, the signal -CPUEND goes 
low and clears the first flip-flop (74874) while it presets the second 
flip-flop (74874). Thus the signal ORDY goes high as long as 
-6845WAIT is high (no CRTC cycle). -CPUEND going low also also 


causes the signal CRT/-CPU to go high signaling the end of the 
CPU RAM access cycle. 


RAM Selecting Circuitry 
The RAM selecting circuitry consists of the two PALIOLS8 chips 
(Figure 4-38). It uses address and control signals from the I/O 


expansion bus, together with timing signals generated on DEB, to 
produce the following RAM control signals. 


PAL10L8 


TESTO 


=PACAsU 
=P2CASL 


PALIOLB 


-RAMBUFO 


=8845SEL 


Figure 4-38. RAM Selecting Circuitry 
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-W 


-POCASU, 
-PICASU, 
-P2CASU, 
-POCASL, 
-P1ICASL, and 
-P2CASL 


-RAMBUFO, 
-RAMBUFI, 
and 

-RAMBUF2 


This is the RAM write strobe which goes low 
during RAM write operations. For this 
signal to go active CRT/-CPU must be low, 
RAMBUF high and -MEMR low. 


These are the RAM column address strobes 
for the upper and lower bytes. During a CRT 
cycle, all these signals go low allowing all the 
RAM locations to be addressed during refresh 
cycles. During a CPU cycle, -VRAMREQ goes 
active and one of these signals goes low, 
depending on the RAM plane being 
addressed. Al5 and A16 determine the plane 
to be selected as shown below. 


Al6_| Al5 
0 0 -POCASU and -POCASL 
0 1 -PICASU and -PICASL 
1 0 -P2CASU and -P2CASL 


The signals -BHE and -A0 determine whether 
the upper-byte bank or the lower-byte bank is 
selected. -BHE low selects the upper bank 
while -A0 low selects the lower bank. These 
signals are all enabled by the CAS signal. 


These are the RAM buffer enable signals. 
They are generated by the PALIOL8 when 
-VRAMREQ and -RAMBUF are both low. 
The two address bits, A15 and A16, determine 
the plane in which the RAM buffer resides. 


Al6 | Al5 
0 0 -RAMBUFO 
0 1 -RAMBUFI1 
1 0 -RAMBUF2 | 


These signals are used during CPU access to 
the particular plane of the board RAM to 
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-BOARDW 


-BOARDRDU 
and 
-BOARDRDL 


-16BCH 


enable the buffers connecting the RAM to the 
internal data bus. 


This is the board write enable signal. It is 
generated by the PALIOL8 when either 
-MEMR or -IOR is high, i-e., during a write 
operation to the display memory or the I/O 
space. It determines the direction of the data 
flow through the RAM data bus buffer. It is 
also used to enable the data present on the 
Motherboard data bus on to the internal data 
bus. 


These are the board read lower and upper 
strobes. They are generated by the PALIOL8 
during a CPU or DMA read operation 
(-MEMR low and -VRAMREQ low) and either 
address bit Al5 or Al6 is high. The signal 
-BHE must be low for -BOARDRDU to be 
generated and -A0 must be low for 
-BOARDRDL to be generated. -BOARDRDU 
and -BOARDRDL are used to enable the 
lower and upper bytes of the internal data 
bus on to the Motherboard bus. 


This is the 16-bit channel flag. It is driven 
low when the CPU is accessing the Display 
Controller Board or DEB RAMs (-VRAMREQ 
low). It indicates to the I/O bus that the 
DEB uses a 16-bit I/O bus and that 16-bit 
operations are possible. 


ne 
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Phase-Lock Circuitry 


The function of the phase-lock circuitry is to synchronize the DEB 
board circuitry with that of the Display Controller Board (Figure 
4-39). This circuitry checks if the two boards are synchronized 
and, if not, generates the signal COUNTP which then stops the 
timing counter and allows the Display Controller Board to catch 
up with the DEB. 
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Figure 4-39. Phase Lock Circuitry 


If the DEB enters blanking while the Display Controller Board is 
still in active picture, then, the signals VIDE, -DISPENE and 
BLANKFINE are all high and so the signal -BE goes low and the 
error detector in the phase lock circuitry detects an error. -BE low 
forces PREERROR high which is then latched by PCLK1 to form 
ERROR. When 01 goes high, it is latched by PCLK1 forcing 
Q1LAT high. Also -SRAMREQ is high which is clocked by PCLK1 
to force -SRAMREQLAT high. Thus, with the three inputs to the 
NAND Gate (74810) all high, the signal COUNTP goes low and 
stops the timing counter. 
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If -BE goes high, with 01LAT high, the signal PREERROR goes 
low and so COUNTP goes high restarting the timing counter. This 
counter is restarted also when -SRAMREQ goes low. This causes 
01 to go low allowing the board to continue operation till 01 goes 
high again. 


If -BE returns high before 01 goes high, COUNTP is forced low for 
one clock cycle. This minimum correction may be repeated several 
times until phase lock is achieved. 


The hex D-type flip-flop 74LS174 also provides the signals 
-BLANKFINE and 12MHz. 


The signal -BLANKINGLAT, which is a latched version of the 
Display Controller Board’s -BLANKING output, is delayed twice 
by PCLK1 to produce the signal -BLANKFINE. It is delayed by 
two clocks to synchronize it with the DEB’s DISPENE signal. 


The clock PCLK1 is divided to produce the 12-MHz clock. This is 
used to latch the output of the Display Controller Board when the 
board is operating with a 12-MHz pixel clock. 
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DEB Connectors 
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Figure 4-40. DEB Connectors 


The above figure shows the connectors present on the DEB. J1 
and J2 are the system bus connectors. A description of the signals 
present on these two connectors can be found in the section 
describing the Bus Expansion Board. 


J3 is the enhancement connector, J4 is the Display power 
connector, and J5 is the Display output connector. The following is 
a description of the signals on the J3, J4, and J5 connectors. 


Enhancement Connector (J3) 
The enhancement connector, J3, is a 50-pin connector which is used 


to connect the DEB to the Display Controller through a flat 50- 
wire cable. This connector allows the DEB to receive the display 
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controller’s video outputs, blanking signals, address decoder 
information, and I/O strobes. Signals on the enhancement 


connector include: 


—Signal uo Description 


-VRAMREQ 


This is the video RAM request signal driven low by the | 
display controller whenever the CPU accesses 
addresses 0A0000 through OBFFFF during a memory 
cycle (-MEMR or -MEMW low). This address range 
includes the Display Controller and the DEB RAM. 


-LPSET iL 


This is the light pen set signal. It goes low on the 

Display Controller when the CPU performs an 1/0 

operation to address 03DC hex. It is used on the DEB 
as an alternate 6845 CRT Controller address strobe. 


-SPARESTB T 


This line is driven low by the Display Controller when 
the CPU performs 1/0 operations to address 03DF hex. 


-LUTWSTB 1 


This is the Look-Up Table write strobe driven low by 
the Display Controller when the CPU performs I/O 
operations to address 03DD. It is used on the DEB 


MONID1 


MONIDO and (0) 


These are the Display (Monitor) Identification signals. 
‘These bits are connected to the Display Controller's 
status register and are driven low when the signal 
ENHANID goes low. They represent the combined 
states of the Display’ I.D. signals. When ENHANID 
is high, it prevents the DEB from driving these signals. 


1 board to address the I/O circuit address register. 


EXPID1 


EXPID0 and Oo 


These are the expansion identification signals. They 
are connected to the Display Controller's status 
register and are driven by the DEB. These signals are 
described in the I.D. circuitry section. 


EXPB, EXPR, I 


These are the expansion video output signals. They are 


EXPG, and output from the Display Controller just before the 

EXPH board’s output driver. They are used to generate 
addresses for the LUT. 

PCLKIN O | This is the pixel clock input signal used as a master 
clock by the Display Controller Board. 

“LPCLR T | This is the light pen clear signal generated by the 


display controller when the CPU performs I/O 
operations to address 03DB hex. It is used by the DEB 
board as an alternate 6845 CRT Controller address. 


MODEWSTB1 I 
and 
MODEWSTB2 


These are the mode register 1 and 2 write strobes. 
‘They are active low and are generated by the Display 
Controller Board when the CPU addresses I/O 
addresses 03D8 hex (MODEWSTBI) or 03DE hex 
(MODEWSTB2). 


hi 
-BLANKING I 


This is the blanking signal generated by the display 
controller. It is active low and precedes the video 
output signals, EXPB,G.R.H, by one pixel clock. _| 
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Display Output Connector (J5) 


The following is a description of the signals available on the 
display output connector, J5, which connects the DEB to the 


Display. 
Signal T Description 

MODEO This is the mode select 0 signal. This signal carries 
operating mode information from the DEB to the Display. 
When low, the 512x256 mode is selected and the Display 
uses its 256 line timing. When MODEO is high the 
640x400 line operation is selected. 

HSYNC This is the Display’s horizontal synchronization input 
signal. 

VSYNC | This is the Display’s vertical synchronization input signal. 


B(DO), R(D1), 
G(D2), and H(D3) 


‘These are the blue, red, green and highlight DEB display 
outputs. These four signals decode the 16 colors available 
on the Display. 


PCLK1 


This is a buffered pixel clock used on the DEB. PCLK1 is 
always 24 MHz. 


BLANKING 


This is the blanking signal and indicates that the display 
data is blanked for retrace. It precedes the display data 
bits by two pixels. 


-DEGAUSS 


The degauss signal drives the Color Display’s degaussing 
circuitry. This signal is active low. 


1D0 and ID1 


These are the Display (Monitor) Identification signals. 
‘They are connected to the Display ID. lines and define 
the type of Display connected to the DEB as shown in the 
table below. 

D0 IpD1 Display Type 


Reserved 

Color Display Connector 
Reserved 

Monochrome Display Connector 
No Display Connected 


umm OO 
we oro 


These lines provide power to the Monochrome Display. 
They are not used by a Color Display. 
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Display Power Connector (J4) 


The Display power connector, J4, is a 2-pin connector used to 
supply power to the Display connected to the DEB in the case that 
a Monochrome Display is connected to the board. A +15 V Power 
Supply output is present on one pin and a separate Display ground 
return is present on the other pin. 


The Power Supply’s 15 V output is only connected to this connector 
if a Monochrome Display is installed to the DEB. Otherwise, the 
Power Supply’s output should always be connected to the Display 
Controller. 
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Communications Manager 


General 


The Communications Manager is an optional, multiple-speed, 
intelligent voice/data modem which fits into an 8-bit expansion 
slot. It supports baud rates from 0 to 300 or 1200. This modem is 
designed for half or full duplex data transmission applications over 
the Public Telephone Network. The Communications Manager is 
compatible with existing 212A-type modems. It may be configured 
(using hardware straps) for either two-line (providing 
simultaneous voice/data capabilities) or single-line operation (for 
alternate voice/data capabilities). This modem is capable of: 


Automatically dialing for both voice and data calls. 
Ring detection with auto-answer on a user specified ring count. 
Either touch-tone or pulse dialing. 


Automatic call termination after a user-specified number of 
ringbacks. 


Baud rate select. 


Immediate termination of calls. 


2 General 


Communications Manager 


A Communications Manager software package is provided with the 
printed circuit card. This package supports a 200-entry directory 
that has simple-to-use editing, calling, redialing, and timing 
features. Also, a Help menu is accessible from almost anywhere 
within the system. 


The Communications Manager hardware consists of a single 
printed circuit card. The card interfaces with the PC 6300 PLUS 
through the Bus Expansion Interface (Chapter 3) which provides 
data, address, and peripheral control signals. The card’s de power 
(+5 V, +12 V, and -12 V) is also supplied through the Bus 
Expansion Interface. In addition, local voltage regulation is 
performed on the card. Three modular jacks (USOC RJ13C) 
provide the interface to the Public Telephone Network. These 
include two, J1 and J2, for connection to the telephone lines (via 
4-wire modular cables) and one for a 2500 telephone set or FCC 
certified equivalent. Toroids T01, T02, and T03 are located near 
these modular jacks. All wires (tip and ring and A-lead pairs) 
going out to each modular jack are wound around a toroid (five 
turns). 


General 


Communications M anager 


Functional Description 
i a et 


The following describes the Communications Manager and its 
interface to the PC 6300 PLUS. Figure 5-1 is a block diagram of 
the Communications Manager 


Line Interface 


The Communications Manager has two telephone line interfaces 
(J1, J2) and a phone interface (J3). Line interfaces J1 and J2 are a 
duplication of circuitry from the line jack to the cross-point 
switch. Line interfaces J1 and J2 are composed of the following 
elements: 


@ line relay 
@ line transformer 
@ electronic hybrid. 


The line relay provides on-hook and off-hook capability under 
processor control for automated dialing. The line transformer is 
used to isolate and protect the PC 6300 PLUS hardware from the 
outside telephone lines. It also provides ac coupling between the 
balanced tip/ring pair and the electronic hybrid. The transformer 
has a turns ratio of 1:1, therefore, the 6002 impedance of the 
hybrid will match the 6009 line termination. The electronic hybrid 
is composed of an Op-Amp array that performs a 2-to-4 wire 
conversion. 
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Communications Manager 


There is a trans-hybrid loss of 18 db between receive and transmit 
path coupling. The transmit and receive outputs of the hybrid are 
fed to the solid state cross-point switch. 


Each line circuit has an associated A-lead closure driven by the 
processor. When the processor activates the A-lead, a closure is 
made between AG and AL. Processor control of the line relay and 
the A-lead circuit insures proper integration of the card into Key 
Telephone Systems. 


The line interface includes a ring detector circuit that can be 
optioned by the user to detect incoming ring voltage on line 1 or 
line 2. The ring detector produces TTL level signals that are 
interpreted by the processor. 


Telephone Interface 


The telephone interface (J3) is intended to support a 2500 type 
telephone or an FCC Certified equivalent. The phone interface is 
normally bridged to line 1 via a relay in order to support power-off 
operation of the telephone set. Handset status is detected by a 
loop-current detector. 


Cross-Point Switch 


The solid state cross-point switch provides an effective method of 
sharing call processing hardware (touch-tone generator, call- 
progress tone detector, audio response unit) between both lines. 
The cross-point switch is controlled by the processor. 


Functional Description 


Communications Manager 
$$ Communications Manager 
Call-Progress Tone Detector 


The call-progress tone detector is designed with a band-pass filter 
that has a pass band over the call progress tone band, i.e., 300-700 
Hz. The output of the filter is fed to a comparator circuit that sets 
a threshold that, when exceeded, produces a TTL level output to an 
integrator. This produces a relatively clean envelope of energy on 
the line. Call progress tones have unique energy envelopes that 
can be interpreted by the processor to determine the state of the 
line during automated calling. 


Audio Response Unit 


The audio response unit is designed with an audio power amplifier 
capable of sourcing 0.5W of power into an 82 speaker. The speaker 
is used to monitor the progress of call set up. 


Touch-Tone Generator 


The dual tone multi-frequency tones required for dialing are 
generated by the touch-tone generator under microprocessor 
control. This device uses a 3.579 MHz resonator for its internal 
timing. The output of the touch-tone generator is applied to the 
crosspoint switch so that it can be switched to either line. 


Modem 


This device provides an 212A compatible (300/1200 baud) modem 
capability. It is controlled by the microprocessor via the processor 
address, data, and control bus. All of the internal functions of the 
modem are timed by a 4.9152-MHz oscillator. 


Functional Description 
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Processor 


The microprocessor controls the operation of the Communications 
Manager Card by means of its I/O lines, address and data bus, 
internal USART and interrupt inputs. Port 1 of the 
microprocessor controls the touch-tone generator. The 
microprocessor address/data bus controls the modem and the 
cross-point switch. Communication between the PC 6300 PLUS 
and the microprocessor is handled by a serial channel which 
comprises its built-in USART (Universal Synchronous 
Asynchronous Receiver/Transmitter) and the Intel 8251 USART on 
the Bus Expansion Interface. Processor interrupt 0 is used in 
conjunction with the ring detect signal to accomplish automatic 
answering of calls. Processor interrupt 1 is connected to the call 
progress tone detector output (CPTENV). 


Bus Interface 


The Communications Manager is accessed by addressing either the 
COM1 or COM2 port. With the PC 6300 PLUS, COM2 is the proper 
setting. The bus interface consists of two USARTs—a NSC 8250 
USART and an Intel 8251 USART. They provide two logical 
channels: one for data (NSC 8250) and one for commands (Intel 
8251). The port addresses and interrupt levels for the 
communications are listed below. 


Port Addresses 


Port Address (Hex) 
COML 03F8—03FF 
Data Channel 03F8—03FE. 
Command Channel O3FF 
COM2 


Data Channel 
Command Channel 


Interrupt Levels 


Port Interrupt 
coM1 INT 
COM2 INT 3 


Functional Description 
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Programming the Communications Manager 


For details about programming the Communications Manager, see 
the System Programmer’s Guide. 


Functional Description 
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Jumper Settings 


 — — 


The following table gives the jumper setting and significance of 
the jumpers present on the Communications Manager Board. See 


Figure 5-2. 
Jumper Setting Function 
Number 1 Using only one line. 
of Lines 2 Using two lines. 
Ring 1 Ring detection for one line. 
Detector 2 Ring detection for two line. 


Corresponds to Number of 
Lines Jumper Setting, 


Communication | 1 
Port Address rs 


Using port 1 (COM1) 
Using port 2 (COM2—proper 
setting for PC 6300 PLUS) 


Interrupt lor 2 


Level 


Correspond to setting 
of Communication Port 


Address Jumper (must be 2 for PC 6300 PLUS) 


Jumper Settings 


Communications Manager 


VOLUME CONTROL 


(TURN CLOCKWISE COMMUNICATION 
TO INCREASE VOLUME) ADDRESS RING DETECTOR 
fae iQ ie) 
| a | (@) 
Oo — 
oO 


O 


1 o 
2 
core 
7 uu 
SPEAKER INTERRUPT 
LEVEL 


~ Yuunper 


NUMBER OF LINES COMPONENT 


Figure 5-2. Communications Manager Jumper Settings 
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General 


The PC 6300 PLUS’s MFD interface supports up to three Mini- 
Floppy Disk Units (MFDs). However, you can only install two in 
the System Module. The MFD(s) allows the PC 6300 PLUS to read 
and write data on 5.25-inch Diskettes. The recording mode used is 
Modified Frequency Modulation (MFM), or double-density 
encoding. The PC 6300 PLUS supports two types of MFDs that 
provide you with either a formatted capacity of 360K bytes or 1.2M 
bytes. 


Also, with the PC 6300 PLUS you can replace one of the MFDs in 
the System Module with a Hard Disk Unit (HDU). The HDUs 
used by the PC 6300 PLUS are random access storage devices with 
a formatted capacity of 20M bytes. They use nonremovable 5.25- 
inch diameter magnetic disks for data storage. If you decide to use 
a HDU instead of a MFD, then a HDU Controller Board (HDC) is 
required to operate the HDU. 


The HDC will support two HDUs. The HDUs need not be of the 
same capacity or configuration. All necessary receivers and 
drivers are included on the board to allow direct connection to the 
HDU(s). The HDC interfaces directly with the PC 6300 PLUS I/O 
bus. Data transferred to or from the HDC can be either 
programmed I/O or under DMA control. 
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Diskette 


The 1.2M-byte MFDs use a high-density, 5.25-inch Diskette, eg., 
Maxell MD2-HD, Dysan Corporation UHRII, or equivalent. The 
360K-byte MFDs use a standard, 5.25-inch Diskette, e.g., Dysan 
Corporation 204/2D or equivalent. The main elements of a 
Diskette (Figure 6-1) are: 


Recording 
Disk 


The recording disk is coated on both sides with 
a strong and flexible layer of magnetic 
material, has a central hole, and an index hole. 
The disk, free to rotate within the protective 
jacket, is continuously cleaned by the liner 
during normal operation. 


; aise Value 
Disk Specifications | seox-Bvte MFD 12M-Byte MFD. 
Inside Diameter nehes) | 28.575 mm (1.125 inches) 
Outside Diameter 130.175 mm (5.125 inches) | 130.175 mm (5.125 inches) 
Number of Tracks 40 per side 80 per side 
Track Density 48 TPI (Tracks per inch) | 96 TPI 
Bit Density —flux 7957 fe/rad 12962 fe/rad 
changes per radian 
(fe/rad) 
Radius for Track (mm) N | Ry = R - (9/48) ~ (8/96) 
Side 0 | R=57.150 50 
Side1 | R 


Protective 
Jacket 


The protective jacket is square and has a 
central hole for the MFD hub. In addition, 
there is an index window and a head window on 
both sides of the protective jacket. 
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Figure 6-1. Diskette 


The liner is fixed to the inside of the protective 
jacket. It comprises two layers of dust 
retaining fabric material between which the 
recording disk is held. The liner has the same 
openings as the protective jacket. 


Diskette 
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Mini-Floppy Disk Unit (MFD)—360K 
Byte 


Configuration 


Recording Diskette 


The 360K-Byte MFD (Figure 6-2) uses a standard 5.25-inch, 
double-sided, double-density Diskette. The Diskette should be 
inserted with the labeled side facing up (PCB side). Reversed use 
is not possible. Figure 6-3 shows the general logic for the 
360K-Byte MFD. 


Figure 6-2. 360K-Byte MFD 
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Figure 6-3. 360K-Byte MFD General Block Diagram and 
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Diskette Loading Mechanism 


To load a Diskette, simply insert the Diskette into the slot located 
at the front of the MFD and then turn the lever. If the Diskette is 
not fully inserted in the slot, the spindle motor will remain off. 
Once the Diskette is fully inserted into the slot, the motor 
automatically starts turning. When the lever is turned to the 
closed position, the Diskette, guided by the clamper, is positioned 
exactly in between the clamper and spindle hub and is then 
clamped. This positioning is done with extreme accuracy since it is 
performed while the spindle is rotating. When the Diskette is 
clamped and reaches a certain rotational speed, the spindle stops 
rotation and becomes ready for start/stop control signals. See the 
Diskette loading mechanism shown in Figure 6-4. 


at DISK SENSOR 


CLAMPER CARRIAGE 


PULLEY 


# 
ior 


SPINOLE MOTOR 


Figure 6-4. Access and Diskette Loading Mechanism 


Pop-Up Mechanism 


In order to ensure complete Diskette loading and easy unloading of 
the Diskette, the MFD is equipped with a pop-up mechanism. 
When a Diskette is fully inserted into the slot against the pop-up 
spring force, the pop-up mechanism is latched up. Diskette loading 
is completed by turning the lever to the closed position. When the 
lever is turned to the open position, the pop-up mechanism is 
unlatched and the Diskette pops out of the slot. 
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Head 


The MFD uses tunnel-erase heads which are capable of both read 
and write operations with one head. The head has ceramic sliders. 
When loaded, each head is brought into contact with each side of 
the Diskette. Although the heads are in direct contact with 
Diskette surfaces, they are designed so that wear of both the heads 
and Diskette is minimized and the output signal level is 
maximized. 


The core of head 1 is displaced from that of head 0 by a 4-track 
span. The core of head 0 is in the same position as that of the 
single-sided MFD. Since the Read/Write (R/W) gap is not aligned 
with the erase as shown in Figure 6-5, a time lag must be provided 
at start and end of write operations. This is controlled by the 
device’s internal circuitry. 


CORE ERASE GAP 


j { Ry/W GAP 
im DISK ERASE CORE R/M CORE 
ut “ $ 


HEAD O ERASE CORE ~~ 


—— 
DIRECTION OF DISK ROTATION 


coRE 


Figure 6-5. Head 


Head-Positioning Mechanism (Access Mechanism) 


The head-positioning mechanism uses a stepping motor and a steel 
belt. The steel belt is wound around a pulley, which is secured on 
the stepping motor shaft, and on the head/carriage assembly. Each 
time a step pulse is applied, the stepping motor turns 3.6 degrees 
and the heads move one track position. For read/write (R/W) 
operation, a settling time must be provided so that tracking is 
stabilized after the head is positioned at the addressed track. 
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Head-Loading Mechanism 


For data R/W operation, the head must be brought into contact 
with the Diskette surface (head loading). Head loading takes place 
when the head-loading solenoid is energized by either a Motor On 
or a drive select signal after a Diskette is inserted and the lever is 
closed. If the lever is in opened position or no Diskette is inserted, 
head-loading does not take place. This ensures that head 0 is not 
in direct contact with head 1. The head-loading mechanism is 
shown in Figure 6-6. 


RETURN SPRING 


PADDLE 


E 


SOLENOID CARRIAGE 


Figure 6-6. Head Loading Mechanism 


Spindle and Spindle-Drive de Motor 


The spindle is directly driven by an axial type, flat de brushless 
motor. The de motor is activated and deactivated by the Motor On 
signal to extend the Diskette’s life and reduce head dissipation. 


See Figure 6-4. 
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Specifications 


The operating parameters of the 360K-Byte MFD are given in the 
following table: 


Specifications Value 


Unformatted Capacity 


Capacity/Diskette 500K Bytes 
Data tracks/side 40 
Formatted Capacity 

Bytes/sector 512 


Sectors/track Sor 


Bytes/Diskette 320K bytes or 360K bytes 
Data transfer rate 250K bits/s 
‘Access time per track 5 ms 
Average access time 80 ms 
Settling time 15 ms 


Total tracks 


Average latency time 
Recording density (max) 


Track density 
Rotational speed 
Head load time 


Motor start-up time 
Recording method 


Ambient Temperature* 


Operating 10°C to 40°C 

Storage -22°C to 60°C 

Shipping -40°C to 65°C 
Relative Humidit 

Operating 20 to 80% 

Storage 5 to 90% 


Shipping 10.90% 


‘Temperature Gradient* 


Operating 11°C/hour 
Storage 33°C/hour 
Shipping 33°C/hour 
Maximum Wet Bulb* 29°C 
Sy 


* No condensation is permitted for any condition. 
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Non-Operating 


Specifications (Contd) Value 
DC Power 
Voltage SV 5% +12V =5% 
Current 
Typical 0.54 O.4Aa 
Maximum* OBA 1.0 A 
Stand-By O.3A OLA 
Ripple 50 mV p-p or less 100 mV p-p or less 
Contamination The MFD must be used in a dust-free environment. 
Concentrations of micro dust particles larger than 0.5 
micro-meters should be less than 3,000,000 per cubic foot 
Vibration 
Operating Vibration of 5 Hz to 25 Hz in frequency must not exceed 0.5 


mm in amplitude. Those of 25 Hz to 100 Hz must not exceed 
0.5 G in acceleration. However, resonance is not considered, 


Vibration of 5 Hz to 9 Hz in frequency must not exceed 7 
mm in amplitude. Those of 9 Hz to 100 Hz must not exceed 
1G in acceleration. However, resonance is not considered. 


Shock 
Operating 


Non-Operating 


No more than two 0.5 G impact of 20 ms per second, 


No more than two 15 G impact of 20 ms per second, 


Seek error 


Dimensions 

Width 1.6 inch (41mm) 

Height 5.75 inch (146mm) 

Depth 8.27 inch (210mm). 
Weight The weight of the MFD is not more than 3.3 pounds (1.5 ks) 
Reliability—Error Rate 

Read error — Soft error: Recoverable read error of not more 


than once per 10" bits 
— Hard error: Unrecoverable read error of not 
more than once per 10!” bits. 


Not more than once per 10! see! 


* Maximum current includes rush to capacitors and spindle motor start-up 


current. 
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Functional Description 


Format 


The MFM data format is used by the PC 6300 PLUS system. 
Figure 6-7 shows an example of the MFM format. 
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Figure 6-7. Typical MFM Format Example 
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Power On/Off 


The 360K-Byte MFD requires no particular power on sequence. It 
should be noted, however, that it takes approximately 900 ms 
before the device becomes ready for operation. The initial 
sequence after power On is shown in Figure 6-8. If a signal is sent 


from the host system upon power On or Off, the recorded data may 
be damaged. 


DC POWER ON 
(+12V, +5V) cl 100 ms min. 
ORIVE 
SELECT = 
500 ms max. 
VALID TRACK 00 | | ne 
WRITE 
PROTECTED ~ sysiasaiees - 


MOTOR ON 


r= = We Ss 


800 ms max. 
VALID INDEX LI 


Figure 6-8. Initial Sequence 
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Track Access 


The head is positioned from one track to the next when the Drive 
Select line is activated, to enable drive, and then the direction of 
access is determined by the Direction Select line. The head moves 
one track when a single pulse is sent on the Step line. An 
arbitrary number of tracks can be skipped by repeating the single 
track move technique until the desired track is accessed. Access 
timings are shown in Figure 6-9. 


DRIVE 
select | (NOTE) 
‘3 500 ms min. 1 #s min. 20 #s min. 
‘STEP 
FS em A LI ; 
1 #s min. Ss min. | 1 #s min. 1 #s min. 
DIRECTION + le le 


SELECT 


NOTE: MINIMUM 5 ms WHEN THE DIRECTION SELECT SIGNAL REMAINS UNCHANGED 


Figure 6-9. Access Timing 


Head Loading 


Loading/unloading of the heads is controlled by the Motor On 
signal after the Diskette is inserted into the slot, the lever is 
turned to the closed position, and the Diskette is mounted on the 
spindle. The head-loading mechanism permits head 
loading/unloading control by using the Drive Select or Motor On 
signal. The standard jumper option for the MFD is designed to 
permit head loading control with the Motor On signal. 
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Data Read 


Data read is enabled by starting the spindle motor (which loads 
the heads) and then placing the drive in the drive select state. 
Data read timings are shown in Figures 6-10 and 6-11. These 
timings indicate valid data output timings after access and the 
head is stabilized. 


ORIVE SELECT aa | 


STEP 


INTERNAL HEAD LOAD aa 


35 ms min. 


VALID READ DATA 


Figure 6-10. Read Timing 


4 1 cl ee lk. 8s nom al 6 ¥s nom als ¥s | 
DATA U U U U U 


LEADING EDGE OF THE PULSE IS + 800 ns FROM THE REFERENCE POINT 


Figure 6-11. Read Data Timing 
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Data Write 


Data writes on a Diskette is accomplished by starting the spindle 
motor (which loads the heads), placing the drive in the drive select 
State, enabling the write mode with the Write Gate line, and then 
sending data through the Write Data lines. Write timings are 
shown in Figure 6-12 through Figure 6-14. 


ORIVE SELECT 3. 


STEP L | 
20 ms nom 1.2 ms min. 

INTERNAL HEAD 
LOAD 

35 ms min 
WRITE GATE 

8 es max. 
—s}-- 

WRITE DATA I 


Figure 6-12. Write Timing 
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ORIVE SELECT — 


INTERNAL HEAD —— 
LOAD 


SIDE setect —l _ 


100 #s min 
WRITE GATE 


1.3 ms min. 
35 ms min. 
VALID READ DATA 


Figure 6-13. Read After Write Timing 


a Fa20: 63] 8 #s20.5% 


Figure 6-14. Write Data Timing 
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Magnetic Roripheral Devices 
Write-Protect Feature 
If a Diskette using a write label is loaded into the MFD, write 


operation to the Diskette is unconditionally inhibited. Write 
operation to the Diskette is ignored. 


Side Select 


Side selection is accomplished by the Side Select signal in 100 us. 
The timings are shown in Figure 6-15. 


DRIVE SELECT — 


INTERNAL 
HEAD LOAD 


35ns min. 


SIDE SELECT 


100 Fs min 
ps eee PEL 


WRITE GATE 
1.3 ms ain, 100 #s min, 
VALID 


READ DATA I I 


Figure 6-15. Side Select Timing 
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Index-Hole Sense 


To reference the starting point for R/W operations, the drive 
senses the index hole on the Diskette and sends the sense signal to 
the host system. The timings are shown in Figure 6-16. 


READY _ 


3.5 ms_nom 
INDEX | fot Es nce 


(SOFT SECTOR DISK) L 4% 


200 ms + 3 ms 


Figure 6-16. Index Timing 


360K-Byte MFD Interface 


Signal Level 


Voltages specified for the logic level of the signal are: 
@ True or Logic Level 1 = from 0 V to +0.4 V 


@ False of Logic Level 0 = from +2.5 V to +5.25 V. 
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MFD Interface Connector Pin Assignments 


INTERFACE CONNECTOR 


GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 


RESERVED 

NC 

DRIVE SELECT 4 
INDEX 

DRIVE SELECT 1 
DRIVE SELECT 2 
DRIVE SELECT 3 
MOTOR ON 
DIRECTION SELECT 
STEP 

WRITE DATA 
WRITE GATE 
TRACK 00 

WRITE PROTECTED 
READ DATA 

SIDE SELECT 

NC 


Figure 6-17. 360K-Byte MFD Interface Connector 
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Input Signal Descriptions 


(Name Function 
— 
Drive Active when True. 
Select 1-4 
Step This signal commands the head shift motor in conjunction with the 


signal Drive Select. The rising edge of a Step pulse shifts the head 
by one track. The head becomes stable 20 ms after the falling edge 
of the last Step pulse and the MFD is then ready to read and write. 


Direction 
Select 


This signal establishes the direction of motor rotation. When True, 
the heads move inwards; when False they move outwards. The 
signal logic level must be present 1 usec before they are ready to 
read and write. 


Side Select 


When True, the side 1 head is selected. When False, the side 0 head 
is selected. Side 0 is the record side of a Diskette with only one 
side. Side selection is completed 100 usec after a Side Select 
transition. 


Write Gate 


When True, the signal Write Gate enables the write circuit. When 
False, the signal Write Gate enables the read circuit. After a 
write, 1.3 ms are needed before a valid read data appears on the 
interface. 


Motor On [When True, this drives the spindle motor. Starting time is 900 ms. 


Output Signal Descriptions 


Name Function 
[Tndex For each revolution of the Diskette, a pulse of 0 volts is sent 
to the CPU and then used to address the beginning of each 
track. 
Read Data With this signal, data read on the Diskette is transferred to 
the CPU. 
Track 00 When True, this signal informs the CPU that the heads are 
set on track 00 and that the step motor is in its ac phase. 


Haws Protected | When True, this signal informs the CPU that the Diskette is 


write protected (the write enable knotch is covered). 
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Jumper Options 


Shorting Condition 
Plug Function Upon 
Position Shipment 

Di Drive is selected with Drive Select 1 Open 
D2 Drive is selected with Drive Select 2 Shorted 
D3. Drive is selected with Drive Select 3 Open 
Da Drive is selected with Drive Select 4 Open 
P5 Not Used Open 
LD Not Used Shorted 
HM Head loading is controlled with the Motor On signal Shorted 
HD Head loading is controlled with the Drive Select signal | Open 
™ Termination of the input signal (shorted in Drive A Open 
only). 
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DC POWER 
SUPPLY 
CONNECTOR 


INTERFACE 
CONNECTOR 


JUMPER OPTION 
CONNECTOR 


PS HM D4 D2 MUX 


Figure 6-18. Jumper Option Pin Assignment and 
Interface Connector Pin Configuration 
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Main Board 


The features listed below are illustrated in Figure 6-19: 


Interface signals 

Head 0 and 1 

The head-step motor 

The head-load electromagnet 

The spindle board, motor, and the unit-booked LED 


The Diskette in, track 00, Index and Write Protect sensors. 


The block diagram (Figure 6-19) also shows how the following 
functions evolve: 


Head This circuit sets the read/write head central 
Selection winding and a terminal of the erase head to 


logic level 0. The command comes via the Side 
Select signal. 


Data Signals read by the head on the Diskette are 
Reading amplified and converted to binary logic by the 


write circuit which generates the Read Data 
signal. 


Data Writing Via a write circuit and an amplifier circuit, the 


Write Data signal sets off the read/write head. 
Write is then enabled via Write Gate, in the 
absence of a Write Protect. Write Data and 
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Drive 
Selection 


Head Step 
Motor Drive 


Head Load 
Electromagnet 
Drive 


Spindle 
Motor Drive 


Unit Booked 
LED On 


Track 00, 
Index and 
Ready 
signals 


Write Gate, together, generate the erase delay 
signal E.R. which then triggers the head 
erasing data recorded. 


The signals involved in drive selection are 
Drive Select 1 through 4. They enable all 
functions of the drive selected. 


Signals Step and Drive Select control the motor 
drive logic. Signal DLWD handles the final 
part of the erase operation. 


Can be driven by Motor On or DSLT 
(programmable). The command is enabled by 
the disk in logic. 


Can be driven either by the disk in signal or by 
Motor On. After 4 Index signals, RY stops the 
motor if Motor On is absent. 


Switched on via the Drive Select signal. 


Generated by the relative sensors. 
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Figure 6-19. Main Board Block Diagram 
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Brushless de Motor and Drive Logic 


Stator The stator of the brushless motor is on the 
motor drive board (Figure 6-20) and consists of 
the windings A-B-C, a number of HALL 
sensors and coils in a printed circuit to detect 
speed. 


Rotor The rotor is a Diskette consisting of 8 N-S 
oriented magnets for rotation and 28 smaller 
magnets used in speed detection. 


The board also carries: 


@ The motor-phase drive circuit which is regulated by HALL 
sensors and actuates the motor drive transistors 


@ The tachometer amplifier which converts the rotation speed to 
a voltage subsequently brought to the input of the motor-phase 
drive enable circuit 


@ The enable motor-phase drive which receives input from the 
tachometer amplifier and the Motor Enable for the motor 
start/stop. The potentiometer is used to adjust speed. This 
circuit actuates the motor drive +12 volts transistor. 
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TACHOMETER 
AMPLIFIER 


HALL SENSOR 
SENSOR 


ENABLE 
MOTOR 
PHASE 
DRIVE 


MOTOR PHASE DRIVE 


Figure 6-20. The Brushless de Motor and Drive Logic 
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Mini-Floppy Disk Unit (MFD)—1.2M 
Bytes 


Configuration 


Recording Diskette 


The 1.2M-Byte MFD (Figure 6-21) uses a 5.25-inch, double-sided, 
quadruple-density Diskette (also known as high-density). The 
Diskette should be inserted with the labeled side facing up (PCB 
side). Reversed use is not possible. Figure 6-22 shows the general 
logic for the 1.2M-Byte MFD. 


Figure 6-21. 1.2M-Byte MFD 
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Diskette Loading Mechanism 


To load a Diskette, simply insert the Diskette into the slot located 
at the front of the MFD and then turn the lever. If the Diskette is 
not fully inserted in the slot, the spindle motor will remain off. 
Once the Diskette is fully inserted into the slot, the motor 
automatically starts turning. When the lever is turned to the 
closed position, the Diskette, guided by the clamper, is positioned 
exactly in between the clamper and spindle hub and is then 
clamped. This positioning is done with extreme accuracy since it is 
performed while the spindle is rotating. When the Diskette is 
clamped and reaches a certain rotational speed, the spindle stops 
rotation and becomes ready for start/stop control signals. See the 
Diskette loading mechanism shown in Figure 6-23. 
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Figure 6-23. Access and Diskette Loading Mechanism 


Pop-Up Mechanism 


In order to ensure complete Diskette loading and easy unloading of 
the Diskette, the MFD is equipped with a pop-up mechanism. 
When a Diskette is fully inserted into the slot against the pop-up 
spring force, the pop-up mechanism is latched up. Diskette loading 
is completed by turning the lever to the closed position. When the 
lever is turned to the open position, the pop-up mechanism is 
unlatched and the Diskette pops out of the slot. 
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Head 


The MFD uses tunnel erase heads which are capable of both read 
and write operations with one head. The head has ceramic sliders. 
When loaded, each head is brought into contact with each side of 
the Diskette. Although the heads are in direct contact with 
Diskette surfaces, they are designed so that wear of both the heads 
and Diskette is minimized and the output signal level is 
maximized. 


The core of head 1 is displaced from that of head 0 by an 8-track 
span. The core of head 0 is in the same position as that of the 
single-sided MFD. Since the Read/Write (R/W) gap is not aligned 
with the erase as shown in Figure 6-24, a time lag must be 
provided at start and end of write operations. This is controlled by 
the device’s internal circuitry. 


Head-Positioning Mechanism (Access Mechanism) 


The head-positioning mechanism (Figure 6-23) uses a stepping 
motor and a steel belt. The steel belt is wound around a pulley, 
which is secured on the stepping motor shaft, and on the 
head/carriage assembly. Each time a step pulse is applied, the 
stepping motor turns 1.8 degrees and the heads move one track 
position. For read/write (R/W) operation, a settling time must be 
provided so that tracking is stabilized after the head is positioned 
at the addressed track. 
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Figure 6-24. Head 


Head-Loading Mechanism 


For data R/W operation, the head must be brought into contact 
with the Diskette surface (head loading). Head loading takes place 
when the head-loading solenoid is energized by the Motor On 
signal after the Diskette is inserted and the lever is closed. If the 
lever is in opened position or no Diskette is inserted, head-loading 
does not take place. This ensures that head 0 is not in direct 
contact with head 1. The head-loading mechanism is shown in 
Figure 6-25. 


RETURN SPRING 


Beaute a 
HEAD 1 


SOLENOID CARRIAGE 


Figure 6-25. Head Loading Mechanism 
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Spindle and Spindle-Drive de Motor 


The spindle is directly driven by an axial type, flat de brushless 
motor. The de motor is activated and deactivated by the Motor On 
signal to extend the Diskette’s life and reduces heat dissipation. 
See Figure 6-23. 
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Specifications 


The operating parameters of the 1.2M-Byte MFD are given in the 


following table: 


o 


Specifications 


Value 


Unformatted Capacity 
Capacity/Diskette 
Data tracks/side 


1601K Bytes 
80 


Formatted Capacity 
Bytes/sector 


Sectors/track 15 

Bytes/Diskette 1200K Bytes 
Data transfer rate OOK bits/s 
Access time per track 3 ms 
Average access time 76 ms 


Settling time 


Total tracks 


Average latency time 


Recording density (max) 
flux changes per inch (fepi) 


Track density TPI 
Rotational speed 360 RPM 
Head load time 35 ms 
Motor start-up time 600 ms 
Recording method MFM 


Ambient Temperature* 
Operating 


10°C to 40°C 


Storage 22°C to 60°C 
Shipping 40°C to 65°C 
Relative Humidi 
Operating 20 to 80° 
storage 510 90 
ipping 5t0 90 
Temperature Gradient* 
Operating 11°C/hour 
Storage 33°C/hour 
Shipping 33°C/hour 


Maximum Wet Bulb* 


20°C 


No condensation is permitted for any condition. 
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[Specifications (Conta) | Value 
DC Power 
Voltage SV =5% +12V +55 
Current 

Typical O.5 A O.4A 

Maximum* O.6 A LOA 

Stand-By O.3A O.1A 

Ripple 50 mV p-p or less 100 mV p-p or less 

Contamination The MFD must be used in a dust-free environment. 
Concentrations of micro dust particles larger than 
0.5 micro-meters should be less than 3,000,000 per 
cubic foot. 

Vibration 

Operating Vibration of 5 Hz to 25 Hz in frequency must not 
exceed 0.5 mm in amplitude. Those of 25 Hz to 100 
Hz must not exceed 0.5 G in acceleration. However, 
resonance is not considered. 

Non-Operating Vibration of 5 Hz to 9 Hz in frequency must not 
exceed 7 mm in amplitude. Those of 9 Hz to 100 Hz 
must not exceed 1 G in acceleration. However, 
resonance is not considered. 

Shock 
Operating No more than two 0.5 G impact of 20 ms per second. 
Non-Operating No more than two 15 G impact of 20 ms per second. 
Dimensions 

Width 1.6 inch (41mm) 

Height 5.75 inch (146mm) 

Depth 8.27 inch (210mm). 

Weight The weight of the MFD is not more than 3.5 pounds 
(1.6 kg). 
Reliability —Error Rate 
Read error — Soft error: Recoverable read error of not more 
than once per 10" bits 
— Hard error: Unrecoverable read error of not 
more than once per 10™ bits. 
Seek error Not more than once per 10" seeks. 
ee 
* Maximum current includes rush to capacitors and spindle motor start-up 
current. 
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Functional Description 


Format 


The MFM data format is used by the PC 6300 PLUS system. 
Figure 6-26 shows an example of the MFM format. 


ost seer st seron 
F st SecTon — 4 
Teer] Teer Thee] sero ar one ore 
art | name cure) io ocr ast cava avaex | Gace cap | FRADE CAP 
Ca 2 = a 
Brves | erres ares| arve | arves ares tires | avtes 
caey [con'| reaie| res | ee) te we te 
Tea TRESS TOOTTTER ata name main FE oe 
a1 
le Froese [secronpemm] oc | Ty], as 2 
prres|ovres| arre p77] 7 Sines | Svies| arre aries anes 
tooy fans} tees] are favre | arve | avre Jarves| [car | canis] cre) 
an 
vats 
TT ViLUES Sv0u DN BRACKETS Ane 16 wERACECERAL 
2 (atiesuba shea whin wilon De e000 


BEIMEEN BITE 3 AND 4 18 RISSING. 
2. (aI CIAL FER TH UMTOW THE CLOCK 
BETMEEN 11S « aNd 5 15 MISSING 


Figure 6-26. Typical MFM Format Example 
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Se ee een ee eC VICES: 
Power On/Off 


The MFD requires no particular power on sequence. It should be 
noted, however, that it takes approximately 600 ms before the 
device becomes ready for operation. The initial sequence after 
Power On is shown in Figure 6-27. If a signal is sent from the host 
system upon power On or Off, the recorded data may be damaged. 


OC POWER ON 
(+12V, +5v) 100 ms min. 


ORIVE 


500 ms max. 
VALID TRACK 00 | je 
WRITE 


PROTECTED (ieee ate cl 


MOTOR ON as 


600 ms 
VALID INDEX LI 


Figure 6-27. Initial Sequence 
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Track Access 


The head is positioned from one track to the next when the Drive 
Select line is activated, to enable drive, and then the direction of 
access is determined by the Direction Select line. The head moves 
one track when a single pulse is sent on the Step line. An 
arbitrary number of tracks can be skipped by repeating the single 
track move technique until the desired track is accessed. Access 
timings are shown in Figure 6-28. 

R: 

SELECT | (NOTE) 


500 ns min. 1 #s min. 18 ms min. 


ofl =a ee ee aL 
1 #s min. le | 3 ms ain Bs ain | 1 ms min. 
DIRECTION 
SELECT 


NOTE: MINIMUM 3 ms WHEN THE DIRECTION SELECT SIGNAL REMAINS UNCHANGED 


STEP 


Figure 6-28. Access Timing 


Head Loading 


Loading/unloading of the heads can be controlled with an external 
control signal after the Diskette is inserted into the slot, the lever 
is turned to the closed position, and the Diskette is mounted on the 
spindle. The head-loading mechanism permits head 
loading/unloading control by using the Drive Select or Motor On 
signal. The standard jumper option for the MFD is designed to 
permit head loading control with the Motor On signal. 
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Data Read 


Data read is enabled by placing the drive in the drive select state 
and then starting the spindle motor (which unloads the heads). 
Data read timings are shown in Figures 6-29 and 6-30. These 
timings indicate valid data output timings after access and the 
head is stabilized. 


ORIVE SELECT — 


STEP 


LJ 


18 ms nom 
INTERNAL HEAD LOAD —— 


35 ms min 
LITTT TUTTI TIT 
Figure 6-29. Read Timing 
2507100 ns Hs aK Hs ni Hs 
= of ke lL. 4s nom ole 3s nom [2 ¥s “3 
aa U U U U u U 


LEADING EDGE OF THE PULSE IS + 400 ns FROM THE REFERENCE POINT. 


VALID READ DATA 


Figure 6-30. Read Data Timing 


Mini-Floppy Disk Unit (MFD)—1.2M Bytes 6-43 


Magnetic Peripheral Devices 


Data Write 


Data writes on a Diskette is accomplished by starting the spindle 
motor (which loads the heads), placing the drive in the drive select 
state, enabling the write mode with the Write Gate line, and then 
sending data through the Write Data lines. Write timings are 
shown in Figure 6-31 through Figure 6-33. 


ORIVE SELECT 


STEP 

18 ms min 600 ms min. 
INTERNAL HEAD. 
LOAD 

35 ms min 
WRITE GATE, 
4 Hs max. 
ol 

WRITE DATA [ l I 


Figure 6-31. Write Timing 
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ORIVE SELECT = —_ 


INTERNAL HEAD) —— 
LoaD 


SIDE setect —J _ 


a 100 #s min. 
WRITE GATE 
35 ms min. 700 ms min. 
VALID READ DATA 


Figure 6-32. Read After Write Timing 


2 »s20.53| 4 nst0.5% ah 


Figure 6-33. Write Data Timing 


Mini-Floppy Disk Unit (MFD)—1.2M Bytes 6-45 


Magnetic Peripheral Devices 


Write-Protect Feature 


If a Diskette using a write label is loaded into the MFD, write 
operation to the Diskette is unconditionally inhibited. Write 
operation to the Diskette is ignored. 


Side Select 


Side selection is accomplished by the Side Select signal in 100 us. 
The timings are shown in Figure 6-34. 


ORIVE SELECT —{ 


INTERNAL 
HEAD LOAD 


35as nin 


SIDE SELECT 


100 #s min 
WRITE GATE 
700 #5 min 100 #s min 
of fe mp pe 
VALID 
READ DATA I 


Figure 6-34. Side Select Timing 
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Index-Hole Sense 


To reference the starting point for R/W operations, the drive 
senses the index hole on the Diskette and sends the sense signal to 
the host system. The timings are shown in Figure 6-35. 


3.0 ms nom 
INDEX | fetter 


(SOFT SECTOR DISK) 4% 


166.7 ms + 3 ms 


Figure 6-35. Index Timing 


1.2M-Byte MFD Interface 

Signal Level 

Voltages specified for the logic level of the signal are: 
@ True or Logic Level 1 = from OV to +0.4V 


@ False or Logic Level 0 = from +2.5V to +5.25V. 
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Interface Connector Pin Assignments 
INTERFACE CONNECTOR 


GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 


LOW DENSITY 

RESERVED 

DRIVE SELECT 4 

INDEX 

DRIVE SELECT 1 DRIVE 

DRIVE SELECT 2 POWER CONNECTOR 
DRIVE SELECT 3 1 (e) +12V 
MOTOR ON oO GND (+12V) 
DIRECTION SELECT [@) GND (+5V) 
STEP 4 [e) +5V 
WRITE DATA 

WRITE GATE 

TRACK OO 

WRITE PROTECTED 

READ DATA 

SIDE SELECT 

DISK CHANGE/READY 


Figure 6-36. 1.2M-Byte MFD Interface Connector 
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Input Signal Descriptions 


Name Function | 
Drive When one of the four Drive Select lines is True, the corresponding 
Select 0-3 MFD becomes ready to respond to other input signal lines and 

opens its output signal gates. Up to four drives are controllable 
with these four Drive Select lines. Which drive responds to the 
Drive Select lines 0-3 is determined by the jumper connection 
(using shorting plugs) within each MFD. Active when True. 

Step This signal commands the head shift motor in conjunction with 
the signal Drive Select. The rising edge of a Step pulse shifts the 
head by one tack. The head becomes stable 18 ms after the falling 
edge of the last Step pulse and the MFD is then ready to read and 
write. 

Direction This signal establishes the direction of motor rotation. When 

Select True, the heads move inwards; when False they move outwards. 


The signal logic level must be present 1 usec before they are ready 
to read and write. 


Side Select 


When True, the side 1 head is selected. When False, the side 0 
head is selected. Side 0 corresponds to the recording side of a 
single-sided diskette. Side selection is completed 100 ysec after a 
Side Select transition. 


Write Gate | When True, the signal Write Gate enables the write circuit. When 
False, the signal Write Gate enables the read circuit. After a 
write, 700 us are needed before a valid read data appears on the 
interface after the end of a write operation. 

Motor On When True, this drives the spindle motor. Starting time is 700 ms. 


Density Mode 


When this signal is True, the low-density mode is selected. When 
False, the high-density mode is selected. 


a se 
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Output Signal Descriptions 


[ Name Function 
Index For each revolution of the Diskette, a pulse of 0 volts is sent 
to the CPU and then used to address the beginning of each 
track. 
Read Data With this signal, data read on the Diskette is transferred to 
the CPU. 
Track 00 When True, this signal informs the CPU that the heads are 


set on track 00 and that the step motor is in its ac phase 


Write Protected 


When True, this signal informs the CPU that the Diskette is 
write protected (the write enable knotch is covered). 


Disk Change/ 
Ready 


The Disk Change line (available by DC position of jumper 
plug) is active unless a Diskette is present and a Step pulse is 
received when the MFD is selected. 


The Ready line (available by SR position of jumper plug) 
when active indicates that a Diskette is loaded, the lever is 
closed, the Diskette has reached the specified rotational speed, 
and the MFD is ready for read/write operation. 
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Jumper Options 


Shorting Condition 
Plug Function Upon 
Position Shipment 

DI Drive is selected with Drive Select 1 Open 

D2 Drive is selected with Drive Select 2 Shorted 

D3 Drive is selected with Drive Select 3 Open 

D4 Drive is selected with Drive Select 4 Open 

PS Front panel LED is controlled with the Drive Select | Open 
signal and the Ready signal. 

LD Front panel LED is controlled with the Drive Select Shorted 
signal. 

HM Head loading is controlled with the Motor On signal _ | Shorted 

HD Head loading is controlled with the Drive Select Open 
signal 

T™ Termination of the input signal Shorted 

MUX Drive is always selected. Open 

DE Motor rotational speed is fixed at 360 rpm. ‘Open 

DX Motor rotational speed is controlled with the Density | Open 
Mode signal 

SR The output signal for pin 34 of the interface is the Open 
Ready signal. 

DC The output signal for pin 34 of the interface is the Shorted 
Disk Change signal. 
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DC POWER 


SUPPLY 
CONNECTOR 


JUMPER OPTION 
CONNECTOR 


SR 
oc 


INTERFACE 
CONNECTOR 


JUMPER OPTION 
CONNECTOR 


PS HM D4 D2 MUX 


Figure 6-37. Jumper Option Pin Assignment and 
Interface Connector Pin Configuration 
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The Hard Disk Unit (HDU) is a random access, 5.25-inch, half- 
height storage device with one or two nonremovable disks as 
storage media (Figure 6-38). Each disk surface employs one 
movable head to service 612 data tracks. High reliability is 
achieved through the use of a rotary band actuator design, a self- 
contained microcomputer, and LSI circuitry. 


Figure 6-38. 20M-Byte HDU 
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Key Features 
@ Unformatted capacity of 25.6 megabytes @ 


@ Flying-head design reliability 


@ Same physical size and mounting configuration as the 
Mini-Floppy Disk Units (MFDs) 


@ Uses the same de voltages as the MFD units 

@ Normal and buffered seek 

@ Landing and shipping zone at cylinder 651 

@ Brushless de spindle motor 

@ Microprocessor-based electronics e@ 
@ LSI read channel 

@ Read/write preamp on head arm 

@ 5M bits/second transfer rate 


@ Average access time ranges from 65 ms to 85 ms. 
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Physical Specifications 


The physical specifications are as follows: 


Specification Value 
Host Ambient Temperatures 
Operating 50° to 113°F 
(10° to 45°C) 
Nonoperating 40° to +140°F 


(-40° to +60°C) 


Temperature Gradient 
Operating 
Nonoperating 


18°F per hour (10°C per hour) max 
212°F per hour (100°C/hour) 
noncondensing 


Relative Humidity 


Operating 8% to 80% 
Nonoperating 1% to 95% 
Maximum Wet Bulb 
Operating ‘78°F (25.6°C) 
noncondensing 
Nonoperating—noncondensing 
Elevation 
Operating 0 to 10,000 feet. 
Nonoperating _| 1,000 to 30,000 ft. 
Acoustical Less than 55 dBA at Im 
Shock 
Operating 10g max. 
Nonoperating 30g max. 


‘de Voltage Requirements 


+12 Vde #5% (1.1 A typical, 
3.7 A max starting for 10 sec) 

+5 Vde +5% (14 A typical, 
1.4 A max) 


Heat Dissipation 15 watts 

Mechanical Dimensions 

without Faceplate (Nominal) 
Height 1.63 in. (41.4 mm) 
Width 5.75 in. (146.1 mm) 
Depth 8.00 in. (203.2 mm) 
Weight 3.3 Ibs (1.5 ke) 
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Performance Specifications 


L Specification Value 
Unformatted capacity per drive 25M byte minimum 
Transfer rate 5.0M bits/sec. 
Formatted capacity per drive 20M byte 
Access time (settling time included): 

Track to track maximum 15 ms 
Average maximum 65 to 85 ms 
Maximum 190 ms 
Revolution time 16.66 ms 


Functional Specifications 


Specification Value 
Recording mode MFM Encoded Data 
Start-up time (ready true) 20 s maximum 
Stop to restart 30 s maximum 
Write pulse 200 ns 
Step pulse rate (buffered mode) 200 us maximum 
10 us minimum 

Step pulse time (width) 2 us minimum 
Write to read recovery time 8 us maximum 
Head-select to read/write delay 8 us maximum 
Seek complete to read/write delay 8 us maximum 
Window margin: 

early or late 18 ns minimum 

early plus late 50 ns typical 
Track-format At least 256 or 512 bytes per 

sector at maximum speed 

Heads are parked in the landing zone 
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Reliability Specifications 


Specification Value 
MTBF [12000 hours 
Duty Cycle 250 days/year 

8 hours/day 
15000 seeks/hour 
Preventive maintenance Not required 
Service life 5 years or 15000 hours | 
| MTTR 30 minute maximum 
10 minute typical 
Error rate: 
Read error (recoverable) Less than 1 in 10!" 
bits transferred 
Read error (unrecoverable) | Less than 1 in 10" 
bits transferred 
Seek errors Less than 1 in 10° 
seeks 


Error rate shall be measured on the basis of 10 (ten) 
single error rates. 


Characteristics 


The HDU consists of read/write and control electronics, read/write 
heads, track positioning mechanism, media, and air filtration 
system. The components perform the following functions: 


@ Interpret and generate control signals 
@ Position the heads over the selected track 
@ Read and write data 


@ Provide a contamination-free environment. 
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Read/Write and Control Electronic 


The standard microprocessor and electronics are packaged on one 
circuit board containing the following circuits: 


Index Generator Circuit 

Head Position Actuator Drives 
Read/Write Amplifiers 

Drive (READY) up to Speed Circuit 
Drive Select Circuit 

Write Fault Detection Circuit 
Read/Write Head Select Circuit 
Ramped (Buffered) Stepper Circuit 
Track 00 Indicator 


Brushless Spindle Motor Control Circuits. 


Drive Mechanism 


The brushless de drive motor rotates the spindle at 3600 (+1%) 
rpm. 
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Air Filtration System 


The disk(s) and read/write heads are fully enclosed in a module 
using an integral recirculating air system with a recirculating 
filter which maintains a clean environment. A separate absolute 
breather filter permits pressure equalization with the ambient air 
without contamination. Figure 6-39 shows the Air Filtration 
System. 


RECIRCULATING 
FILTER 


BREATHER 


Figure 6-39. Air Filtration System 
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Positioning Mechanism 


The read/write heads are mounted on an arm which is positioned 
by the rotary actuator. A stepper motor is used to precisely 
position the rotary actuator using a unique metal band/capstan 
concept. Figure 6-40 illustrates the read/write head positioning 
mechanism. 


ACTUATOR 
SPINDLE 
ASSEMBLY 


CAPSTAN 


STEPPER 
MOTOR 


R/W HEAD 
ASSEMBLY 


Figure 6-40. Read/Write Head Positioning Mechanism 


Read/Write Heads and Disk(s) 


The recording media consists of a thin, lubricated, magnetic oxide 
coating on a 130 mm diameter aluminum substrate. This coating 
formulation, together with the low load force/low mass flying 
heads, permits reliable contact start/stop operation. 
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Data on each disk surface is read by one read/write head, each of 
which accesses 612 data tracks. The HDU is available in two basic 
configurations: one disk with two read/write heads or two disks 
with four read/write heads. The heads should be positioned at 
cylinder 651 via software prior to power-down in order to minimize 
the potential for damage to the recorded data on portable systems. 


Spindle Lock 


The HDU is provided with an integral, fail-safe spindle lock. This 
solenoid operated, mechanical brake is actuated when de power is 
applied to the HDU allowing the spindle to rotate. When the HDU 
is powered off, the solenoid is deactivated allowing the brake to 
engage the spindle. This prevents the possibility of disk movement 
during shipping or movement of the HDU. See Figure 6-41. 
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BRUSHLESS 
DC SPINDLE 
MOTOR 


STEPPER 


ACTUATOR/ 
SPINDLE 
LOCK 


Figure 6-41. HDU Actuator Lock 


Read/Write Head Shipping Zone 


The unused area of the disk surface, inside the data bands, is 
designated as a “shipping zone.” The heads should be positioned to 
this area via software before the HDU is powered off, prior to 
moving or shipping the HDU. This ensures that if the HDU is 
exposed to severe handling (shock), the data storage area of the 
disk surface will not be damaged by the heads bouncing on the 
disks. Figure 6-42 shows the HDU shipping zone. 
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130 mm DATA 
DISK OD TRK 00 TRACKS 


HEAD SHIPPING ZONE 40 mm 
CYLINDER 615 DISK ID 


Figure 6-42. Hard Disk Unit Shipping Zone 


Functional Operations 


Power Sequencing 


Since the HDU has a speed sense circuit to prevent stepping until 
the disk is rotating at the proper speed (3600 rpm), no power-on 
sequence is required. A Ready signal will be presented to the 
controller interface once the disk is up to its normal rotational 
speed, plus or minus 2% for 2 seconds. At Ready time, after an 
initial power up, the HDU will recalibrate itself to track 00. When 
the recalibrate procedure is complete, Seek Complete will go true. 
Normal seek and read functions can now begin. 
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Drive Selection 


Drive selection occurs when one of the Drive Select lines is 
activated. Only the HDU appropriately jumpered will respond to 
the input signals, and the output signals of that HDU are then 
gated to the controller. 


Track Accessing 


Read/write head positioning is accomplished by: 

@ Deactivating Write Gate 

@ Activating appropriate Drive Select line 

@ Being in Ready condition with Seek Complete true 
@ Selecting appropriate direction 

@ Pulsing Step line 


@ Checking for edge of Seek Complete line (changing from false 
to true). 


Stepping can occur at either the normal or buffered rate. During 
normal stepping, the heads are repositioned at the rate of 
incoming step pulses. In the case of buffered stepping, incoming 
step pulses are received at a high rate and are buffered into 
counters. When all the steps have been received, they are issued to 
the stepper drives at a ramped stepping rate. 


Each pulse will cause the heads to move either one track in or one 
track out, depending on the level of the Direction In line. A true 
on the Direction In line will cause an inward seek. A false on the 
Direction In line will result in an outward seek toward track 00. 
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Head Selection 


Any of the two to four possible heads can be selected by placing 
the binary address of that head on the three Head Select lines. 


Read Operation 

Reading data from the disk is accomplished by: 
@ Deactivating the Write Gate line 

@ Activating the appropriate Drive Select line 
@ Assuring that the HDU is Ready 

@ Selecting the appropriate head. 

Write Operation 

Writing data onto the disk is accomplished by: 

@ Activating the appropriate Drive Select line 
e@ Assuring that the HDU is Ready 


@ Clearing any write fault conditions (if they exist) by 
reselecting the HDU 


@ Selecting the proper head 


e@ Activating Write Gate and placing data on the Write Data 
line. 
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Hard Disk Unit Controller Board (HDC) 
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Functional Description 


This section provides an operational overview of the HDC. As 
illustrated in Figure 6-43 (2 sheets), the HDC is made up of the 


following sections and buses: 
@ = Disk Controller 


e@ = Error Correction Code 
(ECC) Support Device 

@ Data Separation and 
Write Precompensation 
Circuitry 


@ A0Othrough Al9—PC 
6300 PLUS Address Bus 


e@ BDO through BD7— 
Intraboard 
Command/Status Bus 


@ RAO through RA10— 
Intraboard Sector 
Buffer and Disk 
Controller 

@ Miscellaneous PC 6300 
PLUS and HDU Control 
signals. 


Buffer Manager Control 
Processor 


1K-Byte Sector Buffer 
and Address Counter 


BIOS ROM 


DO through D7—PC 
6300 PLUS Interface, 
Bi-directional 
Command/Data Bus 
ADO through AD7— 
Intraboard Bi- 
directional 
Command/Data Bus 


Address Bus 


6-66 


Hard Disk Unit Controller Board (HDC) 


(OCH) Preom s9qoazu]ED AU NSIC PazTH 


19-9 


At 
l/-4) 
‘l-t 


AEStT 


DOK 


AEUEST 


TNTERRIP 
Cora 
LoaIt 


Aur 


Figure 6-43. Block Diagram of HDC (Sheet 1 of 2) 
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Figure 6-43, Block Diagram of HDC (Sheet 2 of 2) 
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Disk Controller 


The primary function of the Disk Controller is to control data 
transfer between the HDU and the Sector Buffer after the Buffer 
Manager Control Processor has positioned the selected head over 
the desired track. The Disk Controller receives the parameters 
and commands from the Buffer Manager Control Processor via 
ADO—AD7, interprets them, determines what sector(s) is involved, 
and whether a read, write, or format function is required. 


During a read function the Disk Controller accepts the data from 
the Data Separator circuit, removes the clocks, and passes it on to 
the Sector Buffer via ADO—AD7. While performing a write or 
format operation, the Disk Controller (using the same bus) accepts 
the data from the Sector Buffer and, together with the necessary 
timing signals, transfers this data to the Diskette through the 
Write Precompensation circuitry. 


Buffer Manager Control Processor 


The Buffer Manager Control Processor is a self-contained CPU and 
program designed to receive commands from the PC 6300 PLUS in 
one format and translate them into the Disk Controller format. 
The Buffer Manager Control Processor directs and coordinates the 
activity of the HDU, Disk Controller, ECC Support Device, Sector 
Buffer, and buses. For example, when the Buffer Manager Control 
Processor receives a 6-byte read command from the PC 6300 PLUS, 
it selects the HDU and positions the correct head to the track 
containing the data to be read. The Buffer Manager Control 
Processor then loads the task file in the Disk Controller, instructs 
it to read the specified sector(s), and gives control of the data bus 
to the Disk Controller. 


As the Disk Controller reads the data from the Diskette and sends 
it to the Sector buffer, the ECC Support Device monitors the data 
bus and generates ECC bytes. If the ECC bytes generated by the 
ECC Support Device are not the same as the ones read at the end 
of the sector, the ECC Support Device informs the Buffer Manager 
Control Processor that an error has occurred. The Buffer Manager 
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Control Processor instructs the Disk Controller to read the same 
sector again. If the ECC Support Device generates the same error 
syndrome a second time, the Buffer Manager Control Processor 
attempts to correct the data in the Sector Buffer. When the data 
in the Sector Buffer is ready to be transmitted to the PC 6300 
PLUS, the Buffer Manager Control Processor signals the PC 6300 
PLUS that data is ready for input. 


Error Correction Code (ECC) Support Device 


The ECC Support Device generates a 4-byte ECC code and either 
appends it to the data during a write operation or compares it to 
the code read from the Diskette during a read operation. If, 
during a read operation, the two ECC codes are not the same, the 
ECC Support Device signals the Buffer Manager Control Processor 
that an error has occurred. For diagnostic purposes, i.e., during a 
readlong or writelong command, the ECC Support Device can be 
prevented from generating or checking the ECC. Instead, it 
appears transparent to the ECC read from the disk or sent by the 
PC 6300 PLUS. This allows the PC 6300 PLUS to induce errors 
anywhere in the data stream and check for the predictable results. 


1K-Byte Sector Buffer 


The Sector Buffer is made up of two 1K by 4-bit RAMs and, during 
read and write commands, provides temporary storage for one 
sector of data via ADO—AD7. The Sector Buffer also holds the 
information to be recorded on the Diskette during a format 
command and HDU characteristics during an initialize HDU 
parameters command. 


The Sector Buffer is addressed through RAO—RAQ. The Buffer 
Manager Control Processor, by placing a value on ADO—AD3, 
presets a counter to accommodate sector sizes 128, 256, 512 and 
1024 bytes. In addition to addressing the Sector Buffer, the upper 
four bits of the counter are used to do the following: 
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@ De-assert DRQ3 informing the PC 6300 PLUS that the Sector 
Buffer is either empty or full 


@ Address the Task File in the Disk Controller 


@ Signal the ECC Support Device the end of data field and the 
start of ECC. 


Data Separation and Write Precompensation 


The Data Separator and Write Precompensation circuitry prepares 
the MFM data for input to or output from the HDC. The Data 
Separator receives the MFM encoded data from the disk, shapes it, 
develops an RCLK (read clock) in syne with the data, and sends 
both signals to the Disk Controller. The Data Separator also 
produces the DRUN to signal the Disk Controller that a string of 
all ones or all zeros is being read. 


The Write Precompensation circuit receives a number of control 
signals from the Disk Controller along with the data to be written 
to the Disk. With these signals, the Write Precompensation 
encodes the MFM data with the proper delay and write current for 
effective data transfer to the Diskette. 


BIOS ROM 


The PC 6300 PLUS, upon powering up, interrogates its ports to 
determine what devices are connected and, by using the 
information supplied by the BIOS ROM, performs an install 
operation. During normal operation, the BIOS operates much like 
a driver that is resident in the PC 6300 PLUS’s memory space. 
The BIOS ROM is addressed at PC 6300 PLUS memory locations 
0C8000—OC8FFF. The BIOS is addressed by the AO through A19 
bus and outputs to the PC 6300 PLUS via BD0—BD7 and D0—D7. 
A BIOS ROM is normally not installed on the HDC, but rather the 
BIOS program in the Motherboard ROMs control HDU operation. 
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Buses 


There are five buses used in the transmission of addresses, 
commands, data, and status information. 


Address Bus (AO through A19)—PC 6300 PLUS Interface 


The PC 6300 PLUS uses this bus during programmed I/O to 
address the four I/O ports 0320 hex through 0323 hex. The PC 
6300 PLUS also addresses the HDC’s BIOS ROM with address 
0C8000—OC8FFF on this bus. 


Data/Command Bus (D0 through D7)—PC 6300 PLUS Interface 


This is a bidirectional data bus linking the HDC to the PC 6300 
PLUS. It is used for the transmittal of data between the PC 6300 
PLUS and Sector buffer, the Command Block to the Buffer 
Manager Control Processor, and the HDU configuration and status 
to the PC 6300 PLUS. 


Intraboard Command/Status Bus (BDO through BD7) 


This is a read-only bus connecting port 0321 (status), 0322 (HDU 
configuration) and BIOS ROM to D0 through D7, through a 
transmitter controlled by the PC 6300 PLUS. When the PC 6300 
PLUS wants information from any of these sources, it enables the 
transmitter and passes the information from BD0—BD7 to DO— 
D7. 


Intraboard Command/Data Bus ADO through AD? 


This is a bidirectional bus linking the Buffer Manager Control 
Processor, Disk Controller, ECC Support Device, Sector Buffer, and 
Sector Buffer Address Counter. Data, commands, control 
information, and status pass through this bus. This bus is linked 
to the DO through D7 bus by way of a tri-state transceiver 
providing a path to the PC 6300 PLUS when an I/O operation is 


required. 
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Intraboard Address Bus (RAO through RA10) 


This bus addresses the Sector Buffer and Disk Controller Task 
File, as well as signals the ECC Support Device that the end of the 
data field has been reached and the ECC is starting. The Task 
File address is preset into the Sector Address Counter which in 
turn places it on the RAO through RA10 bus. The Task File 
address is eight bits long. 


Specifications 


The following table contains the overall specifications for the 
HDC. These specifications are provided as a guide for installing 
the HDC. 
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Specifications Value 
Bus Expansion Connects directly to the 
Interface Bus Connector Board with a 6: 


card edge connector. 


HDU Interface 
Encoding method 


inders per HDU 
Sectors per track 
Bytes per sector 
Heads 

HDU selects 
Stepping rates 
Data transfer rate 
Write precomp time 
Sectoring 

CRC polynomial 
ECC polynomial 


Reciprocal ECC 
polynomial 
Miscorrection problem 
Non-detection problem 
Correction span 
Max. cable length: 
Control (Total Daisy Chain) 
Data ( Radial—each) 


MFM 
Up to 1024 


2 
70 us, 200 us, 3 ms 
5 Mbits/s 


it correction 
<23!" 
Up to 11-bit burst 


3 meters (10 ft.) 
3 meters (10 ft.) 


Power 
Voltage 525% 
Current 2.0 A max. (1.5 A typical) 
Ripple 0.1 V max. 
Voltage +12 10% 
Current 174 mA max. 
Voltayee 212 10% 
Physical 
Length 13.1 inches (33.27 em) 
Width 4.20 inches (10.7 em) 
Height (max. including board, 0.50 inches 


components, and leads) 


Environmental 
Ambient temperature 
Relative humidity 


°C (31°F) 
ndensing 


Altitude 0 to 3000 meters (10,000 ft.) 
Air flow 100 lin ft/min at 

from component surfaces 
MTBF 10,000 POH 
MTTR 30 minutes 
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Interface Connections 


The HDC has four on-board connectors for user application. 
@ PC 6300 PLUS interface: 62-pin edge connector (P1) 


@ HODU control: 34-pin, dual row, header connector (J1) daisy- 
chained to two HDUs. The control signals at the second HDU 
from the HDC (no more than 10 feet) are terminated with a 
2200 resistor to +5 V and a 3309 resistor to ground. 


@ HODU data: 20-pin, dual row, header connectors (J2 and J3) 
radially connected each to its own HDU. 
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System Interface Connector (P1) 


Pins Al through A31 of connector P1 are on the component side of 
the board and Bl through B31 are on the artwork side. See Figure 


6-44. 


Signal 
Name 


vo 


Function 


D7 through DO 


vo 


Data 7 through Data 0—S-bit, tri-state, 
bidirectional bus. It is used to transmit data 
between the PC 6300 PLUS and Sector Buffer, 
the Command Block to the Buffer Manager 
Control Processor, status and HDU 
configuration to the PC 6300 PLUS. The BIOS 
transmits parameter information and 
commands to the PC 6300 PLUS via this bus. 


AEN 


Address Enable—AEN is asserted during a 
DMA mode of operation making the I/O ports 
320 hex through 323 hex inaccessible to the PC 
6300 PLUS. Data transfers and intrabus control 
is initiated by asserting -DACK3. The BIOS 
ROM can still be addressed via AQ through A19. 


A19 through AO 


Address Bus A19 through AO—A0 through 
AQ are used during programmed 1/0 mode of 
operation to address ports 320 hex through 323 
hex. They are inhibited during DMA by AEN. 
AO through A19 addresses the BIOS ROM 
regardless of the state of AEN. 


RST 


Reset—When asserted, reset places the HDC 
into its initial power-up state. 


-MEMR 


-Memory Read—The PC 6300 PLUS, to read 
the BIOS ROM, places the address on AO 
through A19, asserts -MEMR, and receives the 
data via DO through D7. 


-10W 


-1/O Write—The PC 6300 PLUS or DMA 
Controller (DMAC) asserts -IOW when a data 
byte is to be written to the HDC. 


-IOR 


-I/O Read—The PC 6300 PLUS or DMAC. 
asserts -IOR when a data or status byte is to be 
read from the HDC. 
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Signal 
|___Name 


vo 


Function 


-DACK3 


I 


ian Acknowledge Channel 3—The 
DMAC asserts -DACK3 in response to DRQ3 
sent by the HDC. -DACK3 enables DMA data 
transfer, bypassing port 0320 which was 
disabled by AEN. 


DMA Request Channel 3—HDC asserts 
DRQ3 to inform the DMAC that data is 
available for transfer. 


Interrupt Request Level 5—The HDC 
asserts IRQ5 to interrupt the PC 6300 PLUS 
upon the completion of a command. 


+5 V de—Connected to pins B3 and B29. 


=12 V de—Connected to pin B7. 


+12 V de—Connected to pin B9. 


Ground is connected to pins BI, B10, and B31. 
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NC 
07 
0s 
05 
D4 
D3 
02 
Dt 
Do 
NC 

AEN 

Atg 

AMS 

ANT 

AIG 

AIS 

Al4 

A13 

Ai2 

Att 

A10 
AS 
Ag 
AT 
AG 
AS 
AS 
A3 
a2 
At 
AO 


GND 
RST 
+5V 
NC 
NC 
NC 
-12V 
NC 
NC 
+12V 
NC 
IMR 
IIOW 
TIOR 
-DACK3 
DREQS 
NC 
NC 
NC 
NC 
NC 
NC 
IRQS 
NC 
NC 
NC 
NC 
NC 
+5V 
NC 
GND 


Figure 6-44. HDU to System Interface Connector (P1) 
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ADU Interface—Control Connector (J1) 


Control signals are common to all HDUs and are daisy-chained to 
the HDUs from a single connector, J1. See Figure 6-45. To 
terminate the control signals properly, the last HDU in the daisy- 
chain must have a 220/302 resistor pack installed. 


Signal 
Name 


vo 


Description 


-RWC 


-Reduce Write Current—-RWC is used by 
the HDU to reduce the write current on the 
inner cylinders. This lessens the bit shift 
caused by the greater bit density on these 
cylinders. -RWC is asserted when the present 
cylinder number register is equal to four times 
or greater than the content programmed in the 
Write Precompensation register. These 
registers are within the Disk Controller and 
programmed by the Buffer Manager Control 
Processor. 


-HS0, -HS1, and 
-HS2 


-Head Select 0, 1, or 2—The three Head 
Select signals are decoded by the HDU to select 
one of eight R/W heads. 


-WG 


-Write Gate—-WG is asserted when valid data 
is to be written. It is used by the HDU to 
enable the write current to the head. HDC 
deasserts this signal when a -WF is detected. 
Circuitry is included to ensure that the output 
does not glitch during power on. 


-Seek Complete—-SC informs the HDC that 
the selected head has reached the desired 
cylinder and has stabilized. Since -SC is not 
checked after a Seek Command, overlapped 
seeks are allowed 


-TKO000 


-Track 000—The HDU asserts this signal 
when the heads are positioned over the 
outermost cylinder, cylinder 0. 


-WF 


-Write Fault—-WF is asserted by the HDU 
when a write error occurs. The command in 
progress aborts and no other command can be 
executed while this signal is asserted 
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Signal 
Name vo Description 
[ 

-INDEX T “Index Pulse—This signal indicates the start 
of a track. It is used as a synchronization point 
during formatting and as a time-out mechanism 
for retries. This signal pulses once for each 

| revolution of the Diskette. 
-DRDY I -Drive Ready—The HDU asserts this signal 


when the motor is up to speed. No commands 
can be performed if this signal is not asserted. 
-STEP O -Step Pulse—-STEP, along with -DIRIN, 
positions the heads to the desired cylinder. 
-STEP pulses the stepping motor at the rate 
specified by the SP bits in the Command Block 
and is controlled by the Buffer Manager Control 
Processor. -DIRIN specifies the direction. 
-DSELO 0 -Drive Select 0 or 1—-DSELO and -DSEL! is 
and -DSEL] the decoded output of the SDH Register within 
the Disk Controller. It is latched and sent to 
the HDU by the Buffer Manager Control 
Processor to select HDU 0 and 1, respectively. 
-DIRIN 0 -Direction In—-DIRIN determines the 
direction the R/W heads take when stepped. 
Asserted = in, deasserted = out. 
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GND -RWC 
GND ~HS2 
GND -WG 
GND -SC 
GND. -TKOOO 
GND -WF 
GND -HSO 
GND NC 
GND -HS1 
GND ~INDEX 
GND -DRDY 
GND. -STEP 
GND -DSELO 
GND -DSEL1 
NC NC 

NC NC 
GND -DIRIN 


Figure 6-45. HDU Interface—Control Connector (J1) 
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HDU Inter face—High-Speed Data Connector (J2 
and J3) 


The data is differential in nature and must be connected to each 
HDU with its own cable, ie, HDU 0 to J2 and HDU 1 to J3. It isa 
flat ribbon cable. The connector is a 20-pin, vertical header, 0.1- 
inch center. See Figure 6-46. 


RESERVED GND 
RESERVED GND 
RESERVED GND 
RESERVED GND 
RESERVED GND 
GND GND 

+MFM WRITE -MFM WRITE 
GND GND 

+MFM READ -MFM READ 
GND GND 


Figure 6-46. HDU Interface—High-Speed Data Connector 
(J2 and J3) 


Hard Disk Unit Controller Board (HDC) 
6-82 


Magnetic Peripheral Devices 


HDU Configuration Parameters 


The following table lists the variable parameters for the HDUs 
supported in the 1.04 and 1.06 versions of the BIOS. Consult your 
HDU manufacturing specifications to determine the proper table 
entry for your HDU. 


Switch? Reduced 

Option Size . Current | Write 
setting | “| (rormattea) | Model# | Cylinders | Heads | Cytinger | Cylinder 
MXY 

000 | Mult Tost Bytes | PC 6500 Type 7 306 7 
oor | coc 30M Bytes | Wren 5 or ° 
oro fost 20M Bytes | CMS425 4 2 ss 
011 | Tandon 10M Bytes | — 

100 | Seagate 40M Bytes | STs051 5 | OFFFF nex 

ror a 0M Bytes | 6086 8 1025 

110 | Micropotis | 67M Bytes | 1325 8 5 

111 _| Seagate 20M Bytes | S725 4 613 


Note: 


M = Dip switch on Motherboard for HDU 0 or 1, ie, O=ON 
and 1=OFF. 


X, Y = High and low order option bits for HDU drive 0 or 
1 set on HDC. A 0 means that a jumper plug should be 
installed across the two side-wise pins of bit X or Y of the 
HDC switch 1. A 1 means that no jumper should be 


installed. 

Drive 0 M=Motherboard DSW1, position 4— 
X=HDC Switch 1, bit position 1 
Y=HDC Switch 1, bit position 0. 

Drive 1 M=Motherboard DSW1, position 3__ 


X=HDC Switch 1, bit position 3 
Y=HDC Switch 1, bit position 2. 
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HDC Command Summary 


The following table summarizes the 19 commands supported by the 
HDC. Fourteen of the commands are operational and five are 


diagnostic. An explanation of how the commands perform their 
functions is discussed in the System Programmer’s Guide. 


Op Tite 
Command | Class | Code 
DRV | WD | CYL | SEC | BLRUINT] RE 
Test Drive Ready [oo [V [Tn [a [a «fe [ate | 
rate oft |v_|a [eo [a atv [a fe 
Status of 
Last Operation © 4 7 = i = ue ica (ial sd 
Format Drive ofa fv _ fe [efor Lvasn [vf fv 
Verify Sectors [0 [5 __[v_[v [vy |v [vam |v [v |v 
Format Track ote |v |v fv _foe [vaxn [v [on |v 
Format Had Track [0 [7 [v[v [v_[or | van |v |» |v 
Rend Sectors CS 
Write Sectors 0 fav ty ee vee [ve [ve 
o [es _[v [vy [vy for on [vie |v 
o fe |v [a fa [a a fa fe fa 
ae o |v |v [a [a [a five eal ey 
Read Sector Buffer [0 _[& [» |» [» [a Ta Re 
Write Sector Buffer}o [Ff [a [a [» [a a [a [a [a 
secute Drive ie ieee Fee a a elles te 
Diasnostic 
Execute Controller |, 1, Ia Ia le la Pa Os 
Diasaostic 
Read Long 7 [sv [ye [ve [vam [vf |e 
Write Long 7 fe [ete tye vane [oe fe Le 
Notes: 
V Must be a valid parameter 
DR Not used but must be within valid parameter 
range 
n Not used (should be 0 for future compatibility) 


INT  Interleave 
BLK Block Count 
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V/O Port Description 


The HDC may occupy one of four locations in the I/O address 


space. Each port is bidirectional, i.e., both read and write 
operations can be performed. For operation in the PC 6300 PLUS, 
the address space occupied is 320 hex to 323 hex. The functions of 


the I/O ports are listed in the following table. These ports are 


used for all communication between the PC 6300 PLUS and HDC. 


Address. Read Port Write Port 
Function Function 
0320 Read Data Write Data 
0321 Read HDC HRDWR HDC Reset 
Status 
0322 Read Drive HDC Select 
Configuration Info 
0323 Not Used Write DMA and Interrupt Mask 


Register 


See the System Programmer’s Guide for more information 
concerning the HDC’s I/O ports. 


Hard Disk Unit Controller Board (HDC) 


Magnetic Peripheral Devices 


Theory of Operation 


PC 6300 PLUS and HDC Protocol @ 


The PC 6300 PLUS and HDC protocol conforms to the XSASI 
standard. This protocol consists of the following bus phases: 
@ Select 

@ Command 

@ Data 


@ Completion. 


Normal execution occurs in the order listed above. Execution of 

the Data phase does not always occur. Errors can cause an 

immediate skip to the completion phase. The BIOS ROM reads @ 
status bits from port 321 to determine the bus phase. (The 

remainder of this section describes a read sector command as an 

example of how this protocol operates.) 


First, the BIOS sets up the DMAC to receive data. The Interrupt 
Control logic sends DRQ3 to the PC 6300 PLUS. BIOS asserts 
Select and the Interrupt Control logic asserts -BUSY. BIOS waits 
for assertion of the following signals: 


@ -SASIDONE 


@ -C/D (set for Control) 


@ -I/0 (set for output). @ 


Assertion of these signals indicate the HDC is ready for a 
Command Control Block (CCB) byte. The PC 6300 PLUS always 
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sends six CCB bytes. -SASIDONE is reasserted when the Buffer 
Manager Control Processor is ready for the next CCB byte. The 
Buffer Manager Control Processor performs the following 
functions: 


©@ Processes the sixth CCB byte 
@ Performs a Seek if required 
@ Initializes the ECC chip 


© Instructs the Disk Controller to execute the read sector 
command 


@ Waits for the Disk Controller to finish the read sector 
command. 


The Buffer Manager Control Processor repeats the read sector 
command while changing heads and tracks until the block count is 
satisfied. The Buffer Manager Control Processor repeats reads of 
marginal sectors or attempts error correction before calling an 
error unrecoverable. The Buffer Manager Control Processor 
translates status and error bytes from the Disk Controller into a 
one-byte completion code. This code is stored in the Buffer 
Manager Control Processor until the PC 6300 PLUS requests a 
read status command. The Interrupt Control Logic selects and 
sends IRQ5 to the PC 6300 PLUS after all sectors are read or an 
unrecoverable error stops the operation. 


During the data phase of this DMA transfer, the Buffer Manager 
Control Processor asserts D of -C/D and I of -I/O. The Buffer 
Manager Control Processor starts a state machine to transfer the 
sector by DMA using DRQ3 and -DACKS for handshaking. The 
BIOS has been waiting for an interrupt since the last CCB byte 
was sent. The BIOS disables IRQ5 and -DACK3 when receiving 
the interrupt from Buffer Manager Control Processor. The BIOS 
receives the completion code under the following conditions: 
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@ -REQ asserted 


@ Cof -C/D asserted 


@ [of -I/0 asserted. 


A completion code of zero indicates no error occurrence. A 
completion code of non-zero indicates an error. The BIOS can 
request more information on the error by issuing a read status 
command. The read status command also consists of select, 
command, data, and completion phases. The data consists of four 
status bytes from the Buffer Manager Control Processor 
elaborating on the error. The data is read by programmed I/O 
instead of DMA. Therefore, BIOS waits for assertion of 
-SASIDONE before reading each byte. 


Firmware Operation 


This section describes the operation of the Buffer Manager Control @ 
Processor firmware as it executes a command. This example also 

describes essential operations of not only the Buffer Manager 

Control Processor but also the Disk Controller, ECC Support 

Device, and BIOS ROM. 


Firmware Modules 


The Buffer Manager Control Processor firmware is contained in 
eight source code modules. Each module covers one page of Buffer 
Manager Control Processor memory (256 bytes). Unconditional 
jumps and calls can go to any location. All other instructions are 
restricted to the current page of memory because instruction 
address fields are eight bits. 
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Example Conditions 


The succeeding example assumes the following conditions: 
© Read sector command of 21 sectors 

© One correctable error in the data field of one sector 

@ No accessed tracks formatted as bad 

© Starts with sector 10 hex of cylinder 5 and head 2 

@ 10 hex sectors per track 

@ Four heads per HDU 

@ Bits 6 and 7 of byte 5 of the command block set to zero. 


is example requires a seek, a head change, and a track change. 
e sequence of events are as follows: 


@ Seek from cylinder 0 to5 

@ Read cylinder 5, head 2, sector 10 hex—No error 
@ Head change from 2 to 3 

@ Read cylinder 5, head 3, sector 0 hex—No error 

@ Read cylinder 5, head 3, sector 1 hex—No error 


@ Read cylinder 5, head 3, sector 2 hex—Bad ID field found on 
retry 
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@ Read cylinder 5, head 3, sector 3 hex—10 hex—No errors 

@ Change from head 3 to head 0 

@ Seek to cylinder 6 (single step) @ 


@ Read cylinder 6, head 0, sector 0 hex—Data field error. ECC 
corrects 


@ Buffer Manager Control Processor aborts operation. Presents 
error code 


@ Reads cylinder 6, head 0, sector 1 hex—Not read 
@ Reads cylinder 6, head 0, sector 2 hex—Not read. 


The following section explains the preceding events from power-up. 


Example Execution 


The Buffer Manager Control Processor resets the Disk Controller. 
Initialization of the Buffer Manager Control Processor output lines 
and internal tables also occur at this time. Next, the Buffer 
Manager Control Processor executes a self-test on the Buffer 
Manager Control Processor ROM and RAM, Sector Buffer RAM, 
Disk Controller, and ECC Support Device. 


The Buffer Manager Control Processor waits for assertion of -SEL. 
Assertion of -SEL sets -BUSY. The Buffer Manager Control 
Processor asserts -C of -C/D and -O of (-I/0) and -SASIDONE. 
This allows the BIOS to send the six CCB bytes. -SASIDONE 
remains asserted until the CCB transfer is complete. 


Each I/O write from the PC 6300 PLUS increments the Sector 
Buffer address counter automatically. The PC 6300 PLUS also 
writes the CCB bytes into locations two through seven of the 
Sector Buffer. 


6-90 Hard Disk Unit Controller Board (HDC) 


Magnetic Peripheral Devices 


eNOS 


The Buffer Manager Control Processor resets the Sector Buffer 
address counter. The Buffer Manager Control Processor 
increments the Sector Buffer address counter to location two and 
reads the six CCB bytes into the Buffer Manager Control Processor 
RAM. CCB bytes are converted to a table offset. The read routine 
performs the following: 


— Enables the ECC Support Device chip 


Initializes (set to zero) the error burst length 
— Sets the retry count 
— Range checks the CCB. 


The Buffer Manager Control Processor performs a seek. 
Performance of a seek includes: 


— Setting the -DIRIN line 
— Selecting the step rate 
— Issuing a step pulse. 


The Buffer Manager Control Processor enters a loop and executes 
the loop five times in this example (cylinder 0 to cylinder 5). A 
flag is set for the other HDU to indicate that a scan ID is 
required. This informs the Buffer Manager Control Processor of 
the other HDU’s next operation. 


The Sector Buffer address bits 8-11 are set to store the sector in 
the upper half of the Sector Buffer. A read sector command with 
no retries is issued to the Disk Controller and the ECC Support 
Device is initialized. The decoder receives a hex address from the 
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Buffer Manager Control Processor. The hex addresses from the 
Buffer Manager Control Processor are decoded as follows: 


00 ~~ Sector Buffer RAM 

20 Disk Controller Chip Select (CS1010) 

60 Preset Sector Buffer address counter bits 8 through 11 
AO Preset ECC Support Device (-ECCLR). 


The Buffer Manager Control Processor waits for an end of 
operation interrupt (WINT) from the Disk Controller. The Disk 
Controller asserts WINT to indicate successful completion of its 
tasks or an abort due to an error. 


The Disk Controller receives the separated serial bit stream from 
the data separator and converts the serial bit stream to bytes. The 
Disk Controller finds the correct sector and reaches the data field. 
-BCS and -WE are asserted to write data in the Sector Buffer. 

The Sector Buffer Address Counter is incremented for the next 
byte after -WE is deasserted. When all 512 bytes are in the Sector 
Buffer, the Disk Controller asserts WINT. 


The Buffer Manager Control Processor receives the interrupt, 
deselects the ECC Support Device, and reads the status from the 
Disk Controller. The Disk Controller reads the data from the 
Sector Buffer RAM. (This example assumes no error in this 
sector). Initialization of the data transfer occurs when the Buffer 
Manager Control Processor sets the Sector Buffer Address back to 
the beginning of the data. The Buffer Manager Control Processor 
also asserts the LS line for LONG and IREQ at this time. 
Assertion of IREQ deasserts -SASIDONE and asserts DRQ3. The 
PC 6300 PLUS’s DMAC reads the byte and asserts -DACK3. This 
cycle repeats until all 512 bytes are transferred. Bit 10 of the 
Sector Buffer address counter goes high to indicate transfer of all 
512 bytes. This completes the read of one sector. 
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The Buffer Manager Control Processor decrements the sector 
count. The sector count is not zero. Therefore the Buffer Manager 
Control Processor calls the next sector routine. This routine 
increments the sector number. The sector number is too large. 
The routine now resets the sector number to zero and increments 
the head number. A range check of the head number occurs. The 
head number is within limits. This is the change from sector 10 
hex head two to sector 0 hex, head 3. 


The operations described in the preceding five paragraphs are 
repeated for every sector in a multiple-sector transfer. The 
following section describes errors and track changes. 


Errors and Track Changes 


The Buffer Manager Control Processor waits for WINT. The Disk 
Controller interrupts the Buffer Manager Control Processor when 
attempting to read sector 3, head 3. An Error Register in the Disk 
Controller contains a status byte indicating ID not found. No data 
is placed in the Sector Buffer by the Disk Controller since the 
sector could not be found. 


The Buffer Manager Control Processor checks for various errors in 
the Disk Controller Status and Error Registers, and finds ID not 
found set. The Buffer Manager Control Processor sets the retry 
error flag, sets the error code equal to seek error, and attempts a 


retry. 

The retry procedure for this error is: 
— Repeat the operation approximately ten times. 
— Perform a restore. 


— Repeat the operation approximately ten more times. 
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The Buffer Manager Control Processor firmware jumps to the 
beginning of the read sector. 


Sectors 4 through 11 hex are read and transferred to the PC 6300 
PLUS successfully. The next sector routine increments the sector 
count to 11 hex. The next sector routine determines this sector 
number is too large and resets the sector counter to zero. This 
routine increments the head number and determines this head 
number is too large. The head number is reset to zero. Next, this 
routine increments the cylinder number and range checks the 
cylinder number. Upon return from the next sector routine, the 
seek routine is called. The seek routine asserts the -DIRIN and 
issues a step pulse since the current and desired positions differ. 


A read sector command is attempted on cylinder 6, head 0, 

section 1. This sector contains a data field error. The Buffer 
Manager Control Processor tests the ECC not equal to zero line 
from the ECC Support Device after each read command to the 
Disk Controller. The signal is asserted in this example since there 
is an error in the data field or ECC bytes. The Buffer Manager 
Control Processor starts the ECC correction routine. 


Four syndrome bytes are read from the ECC Support Device. 
These syndrome bytes are compared against four previously 
generated bytes for equality. The syndrome is unstable and no 
correction is attempted if the retries expire with no consecutive 
syndromes being equal. That ends the operation. The first 
operation can never succeed since there is no previously stored 
syndrome. New and previous syndromes should match after a 
retry. Matching syndromes cause an attempted ECC. 


The ECC Support Device applies a polynominal algorithm to the 
serial data stream during the sector write. Four ECC bytes result 
from this process after all 512 bytes are transmitted through the 
ECC Support Device. The four ECC bytes are written in the same 
sector following the data field. Four syndrome bytes result during 
a sector read. The ECC Support Device generates the syndrome 
bytes from the data and previously produced ECC bytes. These 
syndrome bytes are zero if the read data is identical to the write 
data. A data error causes a non-zero value in one or more of the 
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syndrome bytes. The Buffer Manager Control Processor uses the 
syndrome bytes and the sector data to find and invert the bad bits. 
A reciprocal polynomial is used to detect and invert the bad bits in 
the Sector Buffer. The Buffer Manager Control Processor 
duplicates the ECC Support Device function in reverse by shifting 
82 bits at a time, and exclusive ORs bits corresponding to the 
reciprocal polynominal. The Buffer Manager Control Processor 
performs the following correction functions: 


— Range checks the length of the error burst 


— Aligns the error on a byte boundary 


Converts the bit offset to a byte offset 
— Searches for the bad bits. 


Error burst lengths are specified by the PC 6300 PLUS. The PC 
6300 PLUS specifies error length from 0 to 11. An error is 
uncorrectable if it exceeds the specified error length. 
Uncorrectable errors are not transmitted to the PC 6300 PLUS. 
The 32-bit error mask developed by the reciprocal polynomial and 
the four data bytes containing the error are exclusive ORed if the 
error is correctable. The Buffer Manager Control Processor places 
the corrected data bytes in the Sector Buffer. Data transfers to 
the PC 6300 PLUS occur as usual. The error code is set to 
Corrected ECC Error. The ECC routine is exited. 


Entering and exiting the ECC routine requires an exit from the 
read routine. As a result, the operation aborts due to the ECC 
error even though the is correct. Therefore, sectors two and three 
on head zero, cylinder six, are not read. The ECC routine exit 
executes the finish command routine. 


— The logical unit number of the HDU is combined with the 
error code resultant byte and is placed in location seven of the 
Sector Buffer LS line which is asserted SHORT. 
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— -SASIDONE is asserted when the Sector Buffer address 
reaches location eight. 


— -C/D line asserts -C (status). 
— -I/O line asserts -I. 


The BIOS now responds by reading the completion code from the 
Sector Buffer. This single-byte transfer causes assertion of 
-SASIDONE. 


The Buffer Manager Control Processor deselects the HDUs, resets 
-BUSY, and initializes the status lines to an inactive state. Status 
is saved by the Buffer Manager Control Processor in case the PC 
6300 PLUS requests status. Current HDU position is also stored. 
The Buffer Manager Control Processor waits for the next 
command. The next operation begins at that point. 


Note: The operations described in the preceding 
paragraphs ended with a Correctable ECC Error after 
reading 19 of the intended 21 sectors. Failures are rare. 
Unrecoverable errors are very rare. The example was 
chosen to simply describe as much Buffer Manager Control 
Processor firmware and hardware as possible with one 
command. The example also described the other major 
components and their interactions with the Buffer 
Manager Control Processor. 


Interface and Control 


The HDU interface consists of the Disk Controller, Data 
Separator, Write Precompensation logic, and appropriate drivers 
and receivers. The Disk Controller interfaces with the HDU(s) via 
20 control and data lines that form the actual interface. The HDC 
uses a multiplexed data and address bus to share Sector Buffer 
access with the Disk Controller, the Buffer Manager Control 
Processor, the PC 6300 PLUS Interface, and the ECC Support 


Device. 
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Data Separator 


The HDC utilizes a discrete Data Separator designed to process 
incoming MFM data from the HDU. In order to provide maximum 
data recording density and storage efficiency, data is recorded on 
the Diskette using Modified Frequency Modulation (MFM) 
technique. This technique requires clock bits to be recorded only 
when two successive data bits are zeros in the data stream. This 
reduces the total number of bits (clock and data) required to 
record a given amount of data capacity, hence the term double 
density. 


Due to the fact that clock bits are not recorded with every data bit 
cell, circuitry is required that can remain in sync with the data 
stream during the absence of clock bits. Synchronous decoding of 
MFM data streams requires the decoder circuitry to synthesize 
clock bit timing when clock bits are not present, and synchronize 
the clock bits when they are present. This is accomplished using a 
phased locked oscillator employing an error amplifier and filter to 
sync onto, and hold a specific phase relationship to the data and 
clock bits in the data stream. The synthesized clock (RCLK) can 
then be used to separate data bits from clock bits and to shift the 
resultant serial data into registers for byte parallelization (done in 
the Disk Controller). 


Reference Clock 


The reference clock is derived from the WCLK crystal oscillator. 
This oscillator uses a fundamental crystal that oscillates at four 
times the RCLK frequency. The 4X output is then divided by 2 to 
produce both a 2X clock (2X DR) which is used as a reference and 
a 1X clock (WCLK) which is used to produce MFM Write data for 
the Diskette. 


Note: The crystal frequency is 20.000 MHz for ST506 
compatible HDUs. 
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Serial data is received from one or two radially connected HDUs, 
via an RS422 differential receiver, by the HDC. The receiver 
converts differential input data to TTL levels for use by the 
controller. The data from the selected HDU is then routed to the 
data separator circuit via a one-shot. The one-shot provides a 
consistent data pulse width and is used because different HDUs 
produce varying data pulse widths. At this point, data and clock 
bits are still combined and appear as 110 nsec. nominal active, high 
pulses spaced at intervals of 1.0, 1.5, and 2 times the RCLK period. 
This data is presented to the Data Separator which gates either 
MFM data or a reference clock into the first stage of the voltage 
controlled oscillator (VCO) error amplifier circuitry. The SC 
signal enables sending of the 5-MHz reference clock to the Data 
Separator during seek operations. Assertion of -WG sends 
-Latched Write Data (-LWD) to the Data Separator. The Data 
Separator receives read data at all other times. 


Clock Gating 


The gating of RCLK and MFM data into the Data Separator is 
dependent upon the status of Read Gate (RG) and the spacing of 
the data in the serial stream after RD is asserted. It is necessary 
to run the VCO at a rate 2X Data Clock (RCLK) due to the 
techniques employed to separate data from clocks. The VCO is set 
to an open loop frequency of 2XRCLK. Any variations in this rate 
due to differences in Diskette rotational speed must be 
compensated for by the VCO. However, instantaneous shifts in 
data due to the effect of adjacent bit cells on the Diskette and 
minor noise must be ignored. The response of the VCO must also 
be adjusted to effectively ride over missing clock bits which occur 
as a result of the MFM recording technique. The resultant 
compromise between response and reject requirements of the VCO 
causes the VCO to have a tendency to become locked onto 
harmonies of the data rate. This is likely to occur if the VCO is 
connected to a data stream over a field of data which has data bits 
spaced at 1.5 or 2.0 times RCLK intervals. 


To provide protection against this undesirable condition, the VCO 
is connected to a harmonic clamp providing a 2X RCLK frequency 
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lock wherever the HDC is not actually reading data. Care is taken 
to switch in Read Data to the VCO error detector only when it is 
known that the data stream frequency is equal to the RCLK 
frequency. This can occur only when the data stream is a solid 
stream of all zeros or all ones. 


High-Frequency Detection 


When 16 consecutive ones or zeros (high frequency) are detected on 
the raw MFM data stream, the DRUN one-shot remains triggered. 
The one-shot is set for a pulse width of 1.25X RCLK period (270 
nsec. for ST506 compatible HDUs). 


Each clock or data bit on the serial stream triggers the one-shot. 
If the time between successive triggers is less than the one-shot 

time constraint, the one-shot remains triggered. If any data bit 

fails to reach the one-shot before the end of its time constraint, 

the one-shot is reset. 


Sample On Phase Detection 


When an input signal is received by the HDC, phase relationship is 
detected by the Data Separator. The function of this phase 
detector is to provide windows, during which the leading edge of 
the incoming MFM data can be compared to the leading edges of 
the VCO clock. The windows are approximately 50 nsec. in length. 
The windows are initiated by the leading edge of any data bit 
entering the frequency detector. They are terminated by the same 
data bit edge, delayed by 60 nsec. or the VCO output (OSC). When 
both the delayed data bit and the nearest VCO leading edge arrive 
at the detector, the detector is reset until the next data bit arrives 
on the MFM data stream. The delayed data bit sets its half of the 
frequency detector latches to produce a pump-up condition at the 
error amplifier. The VCO clock edge sets its half of the Frequency 
detector latches to produce pump-up condition. When the circuit is 
balanced, both pumps are either on or off, producing no net pump- 
up or pump-down pulses to the error amplifier. 


A ee 
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Error Amplifier and Filter 


The error amplifier and filter control the VCO. The error 
amplifier is a balanced current mirror, whose output sources or 
sinks current to the filter stage. Whenever the VCO is running 
slow, the error amplifier receives pulses from the data bits before 
pulses from the VCO clock. This causes the error amplifier to 
produce pump-up pulses to the filter. The filter integrates these 
pulses, producing an average increase in the voltage to the VCO. 
The filter output voltage is buffered by a unity gain op-amp prior 
to being sent to the VCO. Whenever the VCO is running too fast, 
the error amplifier produces pump-down pulses to the filter, which 
in turn lower the voltage to the VCO. 


Voltage Controlled Oscillator (VCO) 


The HDC uses a single-chip VCO which simplifies circuitry and 
adjustments. The operating frequency of the VCO is initially set 
by adjusting the variable capacitor for a 10-MHz output frequency 
(when using 5-MHz HDUs) and a frequency control voltage or 2.5 
+ 0.5 V de. 


The output of the error amplifier and filter to the VCO how much 
deviation there is between the VCO frequency and that of the 
incoming data signal. The error signal, which is proportional to 
this difference, allows the VCO frequency to shift from center 
frequency to the frequency of the incoming frequency. When the 
loop is in lock, the frequency difference component (zero voltage) is 
direct current and is passed by the low-pass filter. It can be 
defined as the frequency range, usually centered about the VCO 
initial free-running frequency, over which the loop can track the 
input signal once lock has been accomplished. 


Frequency control is usually a matter of frequency range. The 
difference component may fall outside the band edge of the low 
pass filter and be removed along with the sum frequency 
component. If this is the case, no information is transmitted 
around the loop and the VCO remains at the initial free-running 
frequency. As the input frequency approaches that of the VCO, 
the frequency of the difference component decreases and 
approaches the band edge of the low pass filter. Now, some of the 
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difference component is passed, which tends to drive the VCO 
towards the frequency of the input signal. This, in turn, decreases 
the frequency of the difference component and allows more 
information to be transmitted through the low pass filter to the 
VCO. This is essentially a positive feedback, which causes the 
VCO to lock with the input signal. With this in mind, the term 
“capture range” can be defined as the frequency range centered 
about the VCO initial free-running frequency over which the loop 
can acquire lock with the input signal. By setting the center 
frequency equal to two times the data rate, the VCO locks to the 
data and gives an exact synchronized clock. 


Window Extension 


Once the VCO has been locked onto the phase of the incoming 
data, the actual separation of data and clocks occurs using a 
technique called window extension. This technique causes data 
bits to have their leading edges first shifted into the center of the 
RCLK half cycles, and the latched or extended until the next rising 
edge of RCLK. The VCO clocks a pair of latches. 


If an MFM data bit enters the latches while RCLK is low, it is 
extended as a data bit. If RCLK is high, it is extended as a clock 
bit. Due to this extension technique, bits can jitter up to one 
fourth the RCLK period without being lost. 


Address-Mark Detection 


It is impossible to know whether serial data bits are actually data 
or clock bits just by looking at the data stream. It is also equally 
impossible to determine byte boundaries within the data stream. 
This problem is solved by a uniquely recorded data and clock 
pattern called an address mark. The address mark consists of a 
data pattern of Al hex with a missing clock pattern of 0A hex. 
Normally a data byte of Al hex requires a clocking pattern of 0E 


hex. 


The address mark is used to uniquely identify the start of a field 
of information (data or ID field) within each sector. Preceding 
each Address Mark on the Diskette, there is always a long stream 
of zeros. Zeros have a clock bit for every RCLK. When attempting 
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to read information from the Diskette, the HDC first requires 
phase lock over a field of zeros. After phase lock acquisition is 
achieved, the HDC then detects the address mark. 


Write Precompensation 


The generation of MFM Write Data takes place in the Disk 
Controller. The Disk Controller accepts a byte of data and a 
WCLK to produce MFM data through internal circuitry that 
detects when and where to write clock pulses in the serial data 
stream based on the MFM encoding technique described earlier. 
The MFM data is now totally compatible with the required format 
for transmission to the Diskette via drivers with one exception: 
due to the decreasing radius on the physical surface of the 
Diskette, the inside tracks have less circumference and therefore 
exhibit an increased recording flux density over the outside tracks. 
This increase in flux density aggravates a problem known as 
dynamic bit shift. 


Dynamic bit shift comes about as a result of one bit on the 
Diskette (a flux reversal) influencing an adjacent bit. The result is 
to shift the leading edge of both bits closer together or further 
apart than originally recorded. The net result is that enough jitter 
is added to the data recorded on the inside tracks to make them 
harder to recover without error. 


Write Precompensation is used to reduce the effect of dynamic bit 
shift on the recorded data. It is a method of predicting which 
direction a particular bit is shifted and intentionally writing that 
bit out of position in the opposite direction from the expected shift. 
This is performed by examining two data bits: the last one written 
and the present one to be written to the Diskette. A comparison of 
these bits produces one of three signals: EARLY, NOMINAL, or 
LATE. These signals are used in conjunction with a delay line to 
cause the leading edge of the data or clock bit to be written 
EARLY, LATE or on time (NOMINAL). 


The Buffer Manager Control Processor can enable or disable the 
generation of these Write Precompensation signals by controlling 
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the LS signal. When the signal is high, Write Precompensation is 
enabled. Conversely, when a signal is low, Write Precompensation 
is disabled, and the NOMINAL output is held true. 


The delay performs the Write Precompensation with the use of a 
multiplexer. MFM Write pulses are applied to the input of the 
delay line and, depending upon which of the three Write 
Precompensation signals is present, the multiplexer gate selects 
the appropriate tap on the second, and LATE from the third. 
From here, the MFM data is sent to the RS422 driver where it is 
converted to a differential form and then transmitted to the HDU. 


_ 
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The Monochrome Display (Figure 7-1) has a green foreground on a 
black background. This Display has a rectangular base that allows 
the CRT housing to swivel and tilt so that the screen may be set to 
a convenient viewing position. The screen is etched to reduce glare 
and may be placed on top of the System Module or on an adjacent 
horizontal surface. A brightness control and a contrast control 
(underneath the front portion of the monitor) are the only controls 
accessible to the user. The Monochrome Display is connected to 
the System Module by a single cable. This cable is hard-wired to 
the Display and carries both the signal and +15 V power. The 
floating end of the cable has a 25-pin D-shell connector that plugs 
into the display interface connector at the rear (J5) of the System 
Module. Figure 7-2 shows a simplified block diagram of the 
Monochrome Display. 


The following table lists the Monochrome Display characteristics: 


[Monochrome Display Characteristies 
Display Frequency 24 MHz 
Horizontal Frequency 25,862 kHz 
Vertical Frequency 59,873 Hz 
Dots per Trace 640 
Number of Traces 400 
Horizontal Width 8.464 inch (215 mm) 
Vertical Width 6.348 inch (161.25 mm) 
Dimension 05 
of Dot 137 NIT 

08 
Power Supply 15 V 415% 
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Figure 7-1. Monochrome Display 
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Figure 7-2. Monochrome Display Block Diagram 
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The PC 6300 PLUS supports a 12-inch screen Color Display (Figure 
7-8) that can display 16 different colors. Brightness and contrast 
controls are located at the top of the screen housing. Like the 
Monochrome Display, the Color Display may be placed either on 
top of the System Module or on a nearby table top or desk. 


The Color Display has two cables: a signal cable and a power cable. 
Both the signal and power cables are plugged into the Color 
Display. The signal cable has a 25-pin D-shell connector that 
plugs into the Display interface connecter (J5) at the rear of the 
System Module. The power cable must be plugged into the power 
outlet on the back of the System Module. Figure 7-4 (2 sheets) is a 
simplified block diagram of the Color Display. 
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Figure 7-3. Color Display 
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Figure 7-4. Color Display Block Diagram (Sheet 1 of 2) 


Color Display (Optional) 


Display, Keyboard, and Mouse 


ices PY 3051 


Acto0. 
av OF convenrer 
ott 118.5¥ 
Srersce2 250820 2sc2078 a 
" 
su su Asad (10 FBT) 
I 
2sa1020 
2sa1020 RIVE 
[ConTROL | asciss9 baa 
T TARR] Hy -0 a0 [ 
ane 1.0.6 ‘ane | 2sc2zes 
fpaorecr | MOS aos 
SFORIBA 
151988 2SA1015 


EG 


=) 
cad 
courte saraasiaae 
eT es Lae 


THERRISTOR cial 


SFORTBA2 


Figure 7-4. Color Display Block Diagram (Sheet 2 of 2) 
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The following table lists the Color Display specifications. 


Color Display Specifications 


Picture Tube 


E2970B22-DTHT(Y) 


Input Signal 
Video Signal 
Vertical Syne 
Horizontal Syne 
Highlight Signal 
Degauss Request Signal 


R, G, and B direct drive systems 
TTL level positive 
TTL level positive 
TTL level positive 
TTL level positive 
TTL level negative 


Input Terminal 


25-pin Subminiature D-connector 


Scanning Frequency 


Horizontal 25.745 kHz 
Vertical (MODE O = 0) | 73.562 Hz 
Vertical (MODE1=1) | 59.873 Hz 
Active Video Period HIGH RESOLUTION LOW RESOLUTION 
Horizontal 26.666 usec 26.042 usec 
Vertical 15.466 ms 10.000 ms 
Resolution MODE O = 0 MODE O = 1 
Horizontal 512 elements 640 elements 
Vertical 256 elements 400 elements 
Active Display Area 
MODE 0 =1 215 mm (W) x 161.25 mm (H) 
MODE 0 = 0 209 mm (W) x 132 mm (H) 
Misconvergence Center Area within 0.6 mm 


Circumferences with 0.8 mm 


Display Colors 


16 colors 


Controls 
Internal Controls 


External Controls 


+B ADJ, H.hold, H.width, 
H.position, V.hold, V.height, 
V.position, G.drive, B.drive, 
R.cutoff, G.cutoff, B. cutoff, 
Screen ADJ, Focus, Sub- 
brightness, Sub contrast-1, Sub 
contrast-2 

Brightness and Contrast 


Operating Ambient 
Temperature 


+ 10 degrees C to 40 degrees C 


Power Supply 


Voltage 100-240 V +10%"-15% 
Frequency 50-60 Hz + 2 Hz 


Power Consumption 


98 Watts MAX. 


Dimensions 


309.2 (W) x 296 (H) x 362 (L) mm 


Weight 


10.5 ke 


Color Display (Optional) 
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General 


Note: There are two keyboards available with the PC 6300 
PLUS: the Model 302 Keyboard and the Model 301 
Keyboard. The description in this section, Keyboard, for 
the most part applies to both Keyboards. However, 
differences are noted in Model 301 Versus Model 302. 


The Keyboard is connected to the System Module by a shielded 
cable that carries both signals and power. The Keyboard has a 
permanently attached cable which connects to a 9-pin D-shell 
connector (J6) at the rear of the System Module. This shielded 
cable has five wires, one for the Power Supply (+12 V dc), two for 
ground, one for Keyboard data, and one for Keyboard clock. The 
cord is coiled like a telephone handset cord and varies in length 
from 5 feet to 11.5 feet (1.5 m to 3.5 m). 


The Keyboard is adjustable to three different positions to suit the 
operator. It can be level or tilted at 4 or 8 degrees. The central 
part of the Keyboard includes the standard alphanumeric keys. 
There are 10 function keys on the top of the keyboard. There is a 
17 key numeric keypad on the right-hand side of the keyboard used 
for numeric functions, cursor control, numeric calculations, and 
display editing, etc. 


has three LEDs that indicate when either the (ex), 
ey has been depressed. 


Figure 7-5 shows the Model 302 Keyboard layout and includes the 
key position numbers used in the scan code table. See Keyboard 


Scan Codes. 
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Keyboard Characteristics 


The following table summarizes the characteristics of the 


keyboard: 
Summary of Keyboard Specifications 

Dimensions Length: 16 inches (402 mm) 

Height : 1% inch (35 mm) 

Width : 8% inches (216 mm) 
Connector 9-pin “D” Type Cannon Connector 
Cable 5 to 11.5 feet (1.5 m- 3.5 

5 wires, coiled and shielded 
Characteristics 1. Level, 4 or 8 degrees of tilt. 

2. 84 keys, including 10 special 


function keys and 17 numeric 
cursor control keys. 


3. Automatic repeat function with a 
programmable repeat rate. 


4. Intel 8039 Microprocessor. 


Mean characters before 
failure 


10 million operations 


Mean characters 
between errors due to a 
key 


1 million operations 


Key module life 


10 million operations 
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Functional Description 


The Keyboard uses an Intel 8039 microcomputer to carry out and 
Process the scanning functions. The Intel 8039 is a single-chip 
microcomputer with 128 bytes internal RAM and 27 I/O lines and 
is used with a 16K EPROM. It uses a 6 MHz clock which is 
Provided by the crystal oscillator connected between pins 2 and 3 
of the Intel 8039. Two jumpers are situated on pins 33 and 34 of 
the Intel 8039 chip. These jumpers provide a code to the CPU 
which identifies the Keyboard layout. 


The internal machine cycle is 2.5 us, while the scanning time is 
about 10 ms. The power-on reset is supplied to the Keyboard when 
the signal KBCLOCK from the system goes low for at least 50 ms. 


The keys are arranged in a 16-row by 8-column matrix and so the 
maximum number of keys is 128. Rows are normally clamped at 
“1” (+5 V). They go to “0” (0.4 V), one at a time. A 74LS145 
decoder scans through the rows while the columns are read 10 us 
after the row output, by means of two LM339 decoders. A current 
of 0.5 mA flows through a closed key. 


The Keyboard has various functions, including self-testing on 
power-up. The Keyboard reports each key by its identification 
number, or scan code. The scan code is used by the ROM BIOS to 
determine the meaning of the keys entered. The scan codes are 
numbered from 1 to 123 decimal (7B hex). When a key is pressed, 
the Keyboard sends the relevant scan code to the System Module. 
When the key is released, the Keyboard indicates this with a 
different scan code. In this case, the scan code is equal to the 
normal scan code (when pressed) plus 80 hex. 
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When the ROM-BIOS receives a scan code from a key other than a 
shift key, it checks the state of the various shift possibilities and 
then translates the key into its correct meaning, which might be 
an ASCII code or a special key code. Two sets of characters are 
available in the ROM-BIOS: 


1 The first is the ordinary ASCII characters set, which consists 
of all 256 possible byte codes with the exception of the zero 
value byte. The codes can be generated on the Keyboard either 
by means of normal keying (key A for “A” and so on), or by 
using the ALT-numeric keys. 


2 The second set is the special characters set, which are used to 
indicate the special keys, such as (Home), (End), and (Fi), These 
special character codes mean that the special keys can be used 
without using up any of the 256 ASCII codes. 


If a key remains depressed for longer than the delay interval, 
keyboard will begin auto repeat. The scan code for the key 
depression will be transmitted continuously at the repetition rate 
until the key is released. The default value for the delay interval 
is % second and the repetition rate is 16 Hz. The delay interval 
and the repeat rate may be changed with the Set Repeat 
Rate/Delay Command. Each key entry is recognized by the 
system, however, if two or more keys are depressed 
simultaneously, a race condition may exist. The “auto repeat” 
function is valid for all of the keys on the Keyboard. 
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Keyboard Scan Codes 


To provide the system software with maximum flexibility in 
defining Keyboard operations, the Keyboard generates and 
transfers scan codes over the Keyboard Interface rather than 
ASCII codes. In addition, all keys generate a make scan code when 
pressed and a break scan code when released. The break scan 
codes are formed by adding 80 hex to the make scan codes. For 
example, when key 1 (ESC) is pressed, the make scan code 01 hex 
is generated, and when key 1 is released, the break scan code 81 
hex is generated. The following table shows the key position 
numbers and their corresponding scan codes. The key position 
number is shown beside each key in Figure 7-5. (The scan codes 
are the hexadecimal equivalents of the key position which are in 
decimal.) 


Key | Scan | Key | Sean | Key | Scan | Key | Scan 

Posn | Code | Posn| Code | Posn| Code | Posn | Code 

(Hex) (Hex) (Hex) (Hex) 

——— 

1 01 22 15 43 2B 64 40 
= 02 23 17 44 2c 65 41 
3 03 24 18 45 2D 66 42 
4 04 25 19 46 2E 67 43 
5 05, 26 1A 47 oF 68 44 
6 06 27 1B 48 30 69 45 
7 ov 28 1c 49 31 70 46 
8 08 29 1D 50 32 a 47 
9 09 30 1E 51 33 72 48 
10 OA 31 IF 52 BET 73 49 
ll 0B 32 20 53 35 74 4A 
12 0c 33 21 Bry 36 5 4B 
13 0D 34 2 55 37 76 4c 
14 0E 35 23 56 38 7 4D 
15 oF 36 24 57 39 3 4E 
16 10 37 25 58 3A 79 4F 
17 u 38 26 59 3B 80 50 
18 12 39 P45 60 3C 81 51 
19 13 40 28 61 3D 82 52 
20 4 41 Rs 62 3E 83 53 
21 15 42 2A 63 3F 84 7B 
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Commands/Responses 


Commands are sent one at a time from the system module to the 
Keyboard. The Keyboard receives data through the Keyboard 
command/status port location, 064 hex. 


Power-On Reset 


The power-on reset is initiated by setting KBCLOCK low (0.4 V) 
for at least 50 ms. 


Keyboard Enable Command 


The Keyboard Enable command, 10 hex, requests the result of the 
self-test routine. The self-test routine begins after a hardware 
reset signal. The self-test will first test the processor, ROM, RAM 
and other electronics in the Keyboard followed by a test for stuck 
keys. After the Keyboard Enable Command is received, the results 
of the self-test are reported to the System Module. If all tests 
pass, then the Keyboard sends AA hex followed by the Keyboard 
identification code. If the only failure is stuck keys then their 
value is sent before the AA hex and the stuck keys are disabled. If 
the initial tests fail, then the Keyboard will wait for a new 
hardware reset. The reset function will restore the Mouse protocol 
and repeat rate/delay to their default values. 
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Modify Status LED Command 


You can change the state of the 
indicators by entering the Modi ‘y Status 
and one of the following 1-byte parameters: 


, and/or LED 


‘D command, 13 hex, 


Byte Description | 
0 | 13 hex—Modify Status LED Command 
1 | Command: 


Value Function 


Ol hex Caps Lock LED off 
81 hex Caps Lock LED on 
02 hex Num Lock LED off 
82 hex Num Lock LED on 
04 hex Scroll Lock LED off 
84 hex Scroll Lock LED on 


Set Repeat Rate/Delay Command 


This command sets the delay interval and repeat rate used in the 
auto repeat function. The command has the following five-byte 
format. 


Byte Description 
0 | 12 hex—Set Repeat Rate/Delay command 
1 | FE hex—Constant to distinguish this command 
from the Set Mouse Mode 2 command 
2 | Delay value—Delay interval is determined by 


multiplying the delay value by 250 ms, e.g., OC hex 
yields a3 s delay 
3 | Rate byte: 


Value Rate 


M4hex 4 Hertz 

O09 hex 8 Hertz 

08 hex 10 Hertz 
06 hex 12 Hertz 
05 hex 16 Hertz 
04 hex 20 Hertz 
03 hex 24 Hertz 
02 hex 40 Hertz 


4 FF hex—Constant 
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Model 301 Versus Model 302 


The following lists the differences between the Model 301 
Keyboard and the Model 302 Keyboard. The Model 301 Keyboard 
is shown in Figure 7-6. 


1 Keyboard identification code: 
@ Model 302—02 hex 
@ Model 301—04 hex. 


2 84th key is added to Model 302, i.e., System Request (7B hex). 
All other scan codes are identical. 


3 On the Model 302 Keyboard, the interval between 
automatically repeated characters can be changed, depending 
on the values in the Set Repeat Rate/Delay command. The 
default value for the Model 302 Keyboard is 16 Hz. The 
standard value for the Model 301 Keyboard is 15 Hz. 


4 A(3") LED has been added to the Model 302 Keyboard. The 
Modify Status LED command is enhanced with two additional 
parameter values to control the LED. 


5 Dimensions and Weight of Model 301 Keyboard: 


Dimensions Length: 16 inches (402 mm) 
Height : 1% inch (35 mm) 
Width :8% inches (216 mm) 
Weight 4.5 pounds (2.04 Kg) 
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Mouse (Optional) 


General 


The Mouse (Figure 7-7) is designed to transfer and encode the 
distance that is displaced when it is moved across a smooth 
surface. The user moves the Mouse over a table top, rotating the 
ball underneath. The ball movement is translated into X and Y 
movement by two perpendicular shafts activated by the ball. The 
motion of a shaft, sensed by optical decoders, causes the two 
output bits for that direction to form waves in quadrature, i.e., two 
square signals, which are out-of-phase by 90 degrees, are produced 
for each axis. Frequency is determined by the speed and 

phase, + 90°, is determined by the direction of travel. About 8 
pulses per millimeter are provided, depending on the speed at 
which the Mouse is moved. The pulse generation rate, at 
maximum hand speed, is about 1 ms. 


The mouse requires two interface lines for the X and Y directions, 
one interface line for each button, and two interface lines for +5 V 
and GND, respectively. 
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Figure 7-7. Mouse 
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Mechanical Specifications 


Specifications Value 

Ball 
Rubber coating | NBR (nitril-butadiene rubber) 

Surface and blasted to increase adherence 

Rubber coating | 2mm 

thickness 


approx. 0.7 on paper 


Inner core steel 

Inner core size 18 mm diameter 

Overall size 22.05 mm, (+0.1 mm) 

Weight 21g (+01 g) 

Balance Steel core mounted concentrically 
Centering precision: + 0.05 mm 

Performance Withstands heat of 82° C (180° F) 


Expected lifetime: over 450 km (300 miles) 


Tracking: material ensures excellent mouse tracking 
up to 45 cm/sec (30 in/sec) 

Sensitivity Rubber coating sensitive to organic solvents, e.g., 
toluene and kerosene derivatives 


Sensitivity of rubber to ozone maintained in this 
application (rubber not under traction) 
Switches Two, fully debounced 
Cable length 30 inches (76.2 cm) 
Power +5 V, +5% at 80 mA 
Decoding circuit | Optical sensors with built-in Schmitt trigger 
Interface Open-collector TTL quadrature encoding 
Resolution 200 Dots per inch (DPI) 
Speed Up to 10 inches per second 
(in all directions) 
Acceleration 0.5 m/sec (200 inches/sec) 
Surface Any flat, dry surface, up to 30° inclination 
[Ambient light Any, from total darkness to full sunlight 
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Assembly 


The core of the Mouse is a single piece of mold-injected plastic and 
the remaining pieces are either injected plastic or stainless steel. 
It is encased in two injected plastic shells. The freely moving ball 
can be easily removed for shipping and cleaning. See Figure 7-8. 


Mouse (Optional) 


z 
% 
8 


Display, Keyboard, and Mouse 


MECHANICAL, 
MODULE 


% SPRING 
SWITCH } a 


PHOTOENCODER 


PRINTED 
CIRCUIT 
BOARD 


BOTTOM CASE 


JWIST RETAINING CLIP — G > 


Figure 7-8. Mouse Assembly 
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Mouse Operation 


Scan Codes 


The Mouse has two (or three) buttons that are used to trigger a 
Particular action. They are: “left,” “middle,” and “right.” The 
Mouse buttons default scan codes are listed in the following table. 


Button Sean Code 
Left 1C hex (carriage return key) 
Middle (3-button 53 hex (delete key) 
Mouse only.) 
Right 01 hex (escape key) 


The scan codes for the Mouse buttons may be changed by either 
the Set Mouse Mode 1 command or the Set Mouse Mode 2 
command from the System Module to the Keyboard. When a 
Mouse button is held down, the scan code is not automatically 
repeated. When the button is released, the Keyboard returns a 
scan code which is 80 hex greater than the programmed value. 


Output Signals 


The Mouse provides a standard TTL quadrature encoded output, 
ie., open-collector outputs 0.4 V at 8 mA with a built-in 10 KQ 
pull-up resistors. For each axis, two square signals are produced 
which are out of phase by 90°. They provide 200 countable events 
per inch regardless of the speed of the hand. Alignment and jitter 
are such that the distance between consecutive pulses is 
guaranteed. The signals are generated by high precision optical 
whee!s, LEDs, and photo-sensors with built-in Schmitt-triggers. 


The four signals are transmitted from the mouse via a nine-wire 
cable which also carries the status of the three switches, X,Y 
direction, power and ground. The Mouse gets its power from the 
Keyboard. It needs +5 V, +5%, at 80 mA. 
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Figure 7-9. Typical Output Signals 
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Figure 7-10. Block Diagram of Decoding Circuit 


Mouse (Optional) 


] 
% 
=a 


Display, Keyboard, and Mouse 


Lsos 4 
aC x "BERG" "CANNON" 
4x7] CONNECTOR CONNECTOR 
+ SHH S> LEFT SWITCH 
Tod 
7st (] 4.7K 


7 > MIDDLE SWITCH 
(OPTIONAL) 


[8H RIGHT SWITCH 


ESD 
BALL GUARD 
RING 


JUMPER 


+ BOARD FRAME 
NOTE: SIGNAL IS ACTIVE LOW WHEN KEY IS DEPRESSED 


Figure 7-11. Block Diagram of Switch Circuits 
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Figure 7-12. Components Layout 
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Modes of Operation 


The Keyboard interfaces the Mouse through two modes of 
operation. The modes differ in how the Keyboard reports the X 
(left and right) and Y (up and down) displacement of the Mouse to 
the System Module. 


Mode 1 


Mode 1 is the default mode and is set during either system power- 
up or after the Keyboard has been reset. In mode 1, the Keyboard 
determines the X and Y motion of the Mouse and divides it by a 
scale factor. Whenever the Mouse has been moved, a scan code, by 
default, corresponding to the “UP,” “DOWN,” “LEFT,” or 
“RIGHT” arrow key, is sent. If the LED is illuminated, then 
the direction codes are preceded by the shift depressed scan code 
and followed by the shift released scan code. The default scale 
factors are 2 for the X-axis and 4 for the Y-axis. The default scale 
factors and scan codes may be changed with the Set Mouse Mode 1 
Command. To change the scale factors and button scan codes, you 
would output the following 10-byte code sequence to the Keyboard 
command/status port address, 064 hex. 


Byte Description Byte Description 
0 11 hex (Set Mouse 5 Right direction code 
Mode 1 command) 6 Down direction code 
1 Left button scan code % Up direction code 
2 Middle button scan code 8 X-axis scaling factor 
3 Right button scan code 9 Y-axis scaling factor 
4 Left direction code 


The scan codes may be any value in the range of 0 to 7F hex. 
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Mode 2 


In mode 2, the X and Y motion reports are sent to the system 
every 20 ms as a signed 8-bit number, i.e., a range of -127 to 127. 
These X and Y values represent relative changes to previous X and 


Y positions. The format of the response from the Keyboard is as 
follows: 


Byte Description 
0 FE hex (Response indicator) 
1 | X Mouse displacement 
2__| ¥ Mouse displacement 


The scale factor is not used in mode 2. When the counters 
overflow, the displacement is ignored and no overflow indication is 
provided. Negative displacement values are sent as ones 
complement numbers where minus one has a value of FD hex. In 
mode 2 operation, two responses are sent to the System Module 
every 20 ms. To select Mode 2, you would send the following 5-byte 
code sequence to the Keyboard command/status address, 064 hex. 


[Byte Description 
0 | 12hex (Set Mouse Mode 2 command) 


1 Left button scan code 

2 Middle button sean code 
3 Right button scan code 
4 Reserved 
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Mouse Interface 


The standard connector on the Mouse is a male 9-pin CANNON 
subminiature connector (Figure 7-13). The standard cable is a 
31.5-inch (80 cm.) long, 9-wire, shielded cable. The connector pins 
are shown in the following table: 


Pin | Signal] Pin | Signal 
1 +5V 6 GND 
2 Ya % Middle 
3 Yb 8 Right 
4 Xa 9 Left 
5 Xb 


Figure 7-13. Keyboard to Mouse Interface Connector 
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Power Supply 


General 


The Power Supply supplies all of the power requirements for the 
operation of the PC 6300 PLUS System Module and its integrated 
expansion options, the Keyboard, and the Monochrome Display. 
The Power Supply circuitry and connectors for the distribution of 
de power are housed in a metal case mounted at the rear of the 
System Module. The case also houses the On/Off switch, the 
system ac input connector, and the ac output connector for the 
Color Display. (The On/Off switch and connectors are accessible 
at the rear of the System Module.) Power to the Color Display #c 
output connector is controlled by the system On/Off switch. The 
PC 6300 PLUS uses a switching type Power Supply with the 
following electrical input characteristics: 


@ Single-phase, alternating current for two voltage ranges 100— 
120 V ac and 200—240 V ac, selectable by an ac power line 
voltage changeover jumper mounted on the printed circuit. 


@ Allowed drift of the nominal line voltage of +10%, which 
allows two ranges for correct operation: 90—132 V ac or 180— 
264 V ac. 


@ Nominal operating frequency of between 50 and 60 Hz with 
acceptable variations of +5%. 


@ Power-up current. A current surge is allowed in the power-up 
transient as long as it does not exceed 15 amperes. 


@ Overcurrent and overheat shutdown. 


A special filter inserted on the Power Supply limits interference to 
the ac power line. Acoustic noise is less than or equal to 33 dBA. 
Output characteristics are shown in the following table. 
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A.C. Input Characteristics 


Voltage Range Vv 
Frequency Range He 
D.C. Output Characteristics 
Voltaye ¥ 
Continuous Current Min | _A 
Continuous Current Max |_A 
Ripple, peak-to-peak mV 
Maximum Output Power [_W 
Over-voltage Protection | V 
(+5 V supply) 


The +12 V de can absorb current peaks of 1.4 amps caused by the 
MFDs. On power-up, this voltage can absorb the current peaks 
generated when a hard-disk motor is started up, even if they are 
not within tolerance. The +5 V dc is protected from overvoltage 
by SCR for values exceeding 6.25 V (+0.6 V). It is also protected 
from direct short circuits and overloads so that the maximum 
capacity of the Power Supply is not exceeded. In this case, there is 
a protection mechanism which, on sensing the +5 V de, turns the 
Power Supply off before the current reaches values which are 
incompatible with the rectifier diodes. 


The only voltage calibration potentiometer on the Power Supply 
set the +5 V de. Any variation of the +5 V de will also affect the 
+12 V de. The +12 V dc is protected from short circuits and 
overloads which exceed the maximum power supplied, and a special 
protection mechanism ensures that the Power Supply is turned off 
before any damage is done. The -12 V dc is regulated by an 
integrated regulator and is automatically protected from short 
circuits and overloads. It is also protected from short circuits of 
the positive voltages, while the +15 V dc is only protected from 
short circuits. 


Note: A -5 V de source is derived on the Bus Expansion 
Board using a regulator connected to the -12 V de output of 
the Power Supply. The -5 V source will provide a 
maximum of 150 mA to all seven expansion slots. 
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Mechanical Characteristics 
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The dimensions of the Power Supply are: 6.88 by 4.41 by 4.41 inches 
(175 by 112 by 112 mm). The ac power line switch and the input 
and output plugs for the Power Supply to the Color Display are all 
housed in the Power Supply unit. The ac outputs must be 
connected per Figure 8-1. 


The Power Supply uses forced ventilation. It is composed of two 
superimposed printed circuit boards plus six DC connectors (two 
for the Motherboard, one to connect the MFD, one for the Display, 
and two to connect the two boards). There are two terminal strips 
for ac input plus connections for the fan and the ON/OFF switch. 
The two printed circuit boards are: 


Converter The converter board, beside the ac power line 
Board (lower filter, contains the circuitry needed to generate 
board) a high frequency (about 25 kHz) alternating 


current which is then sent to the voltage 
regulator board. 


Voltage The voltage regulator board transforms and 
Regulator rectifies the voltage from the converter, and 
Board (upper _ ensures, via control circuits, that the required 
board) output voltages are stable. 
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Figure 8-1. Power Supply Connectors 
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Register Set 


The Intel 80286 base architecture has fifteen registers as shown in 
Figure A-1. These registers are grouped into the following four 
categories: 


General Eight 16-bit general purpose registers used to 

Registers contain arithmetic and logical operands. Four 
of these (AX, BX, CX, and DX) can be used 
either in their entirety as 16-bit words or split 
into pairs of separate 8-bit registers. 


Segment Four 16-bit special purpose registers select, at 

Registers any given time, the segments of memory that 
are immediately addressable for code, stack, 
and data. 

Base and Four of the general purpose registers may also 

Index be used to determine offset addresses of 

Registers operands in memory. These registers may 


contain base addresses or indexes to particular 
locations within a segment. The addressing 
mode determines the specific registers used for 
operand address calculations. 


Status and The 3 16-bit special purpose registers in Figure 
Control A-2 record or control certain aspects of the 
Registers Intel 80286 processor state including the 


Instruction Pointer, which contains the offset 
address of the next sequential instruction to be 
executed. 
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Figure A-1. Register Set 


Intel 80286 Architecture 


pendix 


STATUS FLAGS: 
carpy 

PARITY 
AUXILIARY CARRY 
ZERO. 
sIGw. 

OVERFLOW 


15 14 13 


FLAGS: wt | rope 


CONTROL FLAGS: 
TRAP FLAG 
INTERRUPT ENABLE 
DIRECTION FLAG 


SPECIAL FIELDS: 
3/0 PRIVILEGE LEVEL 


NESTED TASK FLAG 


15 9) 258s Catt. 1 0 


A INTEL RESERVED TASK SWITCH 


PROCESSOR EXTENSION EMULATED 
MONITOR PROCESSOR EXTENSION 
PROTECTION ENABLE 


Figure A-2. Status and Control Register Bit Functions 
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Flags Word Description 


The Flags word (Flags) records specific characteristics of the 
result of logical and arithmetic instructions (bits 0, 2, 4, 6, 7, and 
11) and controls the operation of the Intel 80286 within a given 
operating mode (bits 8 and 9). Flags is a 16-bit register. The 
function of the flag bits is given in the following table. 


Bit | Name Function 
Position 
0 CF Carry Flag—Set on high-order bit carry or borrow; 
L cleared otherwise 
2 PF Parity Flag—Set if low-order 8 bits of result contain an 
even number of 1-bits; cleared otherwise 
4 AF Set on carry from or borrow to the low order four bits of 
AL; cleared otherwise 
6 ZF Zero Flag—Set if result is zero; cleared otherwise 
7 SF | Sign Flag—Set equal to high-order bit of result (0 if 
positive, 1 if negative) 
lu OF Overflow Flag—Set if result is a too-large positive 


number or a too-small negative number (excluding sign-bit) 
to fit in destination operand; cleared otherwise 

8 TF | Single Step Flag—Once set, a single step interrupt 
occurs after the next instruction executes. TF is cleared by 
_| the single step interrupt. 


9 IF Interrupt-enable Flag—When set, maskable interrupts 
will cause the CPU to transfer control to an interrupt 
vector specified location. 


10 DF Direction Flag—Causes string instructions to auto 
decrement the appropriate index registers when set. 
Clearing DF causes auto increment. 


Memory Organization 


Memory is organized as sets of variable length segments. Each 
segment is a linear contiguous sequence of up to 64K (216) 8-bit 
bytes. Memory is addressed using a two-component address (a 
pointer) that consists of a 16-bit segment selector, and a 16-bit 
offset. The segment selector indicates the desired segment in 
memory. The offset component indicates the desired byte address 
within the segment. 
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All instructions that address operands in memory must specify the 
segment and the offset. For speed and compact instruction 
encoding, segment selectors are usually stored in the high speed 
segment registers. An instruction need specify only the desired 
segment register and an offset in order to address a memory 
operand. 


Most instructions need not explicitly specify which segment 
register is used. The correct segment register is automatically 
chosen according to the rules of the following table. 


Memory Segment Implicit Segment 
Reference Register Selection Rule 
Needed Used 
Instructions Code (CS) | Automatic with instruction prefetch 
Stack Stack (SS) | All stack pushes and pops. Any 


memory reference which uses BP as a 
base register. 


Local Data Data (DS) All data references except when 
relative to stack or string destination 


Extended (Global) | Extra (ES) | Alternate data segment and 
Data destination of string operation 


These rules follow the way programs are written (see Figure A-3) 
as independent modules that require areas for code and data, a 
stack, and access to external data areas. 


Special segment override instruction prefixes allow the implicit 
segment register selection rules to be overridden for special cases. 
The stack, data, and extra segments may coincide for simple 
programs. To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer or a new 
segment selector must be loaded. 


Ss 
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Figure A-3. Segmented Memory—Structured Software 
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Addressing Modes 


The Intel 80286 provides a total of eight addressing modes for 
instructions to specify operands. Two addressing modes are 
provided for instructions that operate on register or immediate 
operands: 


Register The operand is located in one of the 8 or 16-bit 
Operand general registers. 

Mode 

Immediate The operand is included in the instruction. 
Operand 

Mode 


Six modes are provided to specify the location of an operand ina 
memory segment. A memory operand address consists of two 16- 
bit components: segment selector and offset. The segment selector 
is supplied by a segment register either implicitly chosen by the 
addressing mode or explicitly chosen by a segment override prefix. 
The offset is calculated by summing any combination of the 
following three address elements: 


] Displacement: an 8 or 16-bit immediate value contained in 
the instruction 


2 Base: contents of either the BX or BP base registers 
3 Index: contents of either the SI or DI index registers 


Any carry out from the 16-bit addition is ignored. Eight-bit 
displacements are sign extended to 16-bit values. Combinations of 
these three address elements define the six memory addressing 
modes, described below. 
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hl 


Direct Mode 


Register 
Indirect 
Mode 


Based Mode 


Indexed 
Mode 


Based 
Indexed 
Mode 


Based 
Indexed 
Mode with 
Displacement 


The operand’s offset is contained in the 
instruction as an 8 or 16-bit displacement 
element. 


The operand’s offset is in one of the registers 
SI, DI, BX, or BP. 


The operand’s offset is the sum of an 8- or 
16-bit displacement and the contents of a base 
register (BX or BP). 


The operand’s offset is the sum of an 8- or 16- 
bit displacement and the contents of an index 
register (SI or DI). 


The operand’s offset is the sum of the contents 
of a base register and an index register. 


The operand’s offset is the sum of a base 
register’s contents, an index register’s contents, 
and an 8- or 16-bit displacement. 
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Data Types 
The Intel 80286 directly supports the following data types (Figure 
A-4): 
Data Type | Description | 
Integer | A signed binary numeric value contained in an 8-bit byte or a 
16-bit word. All operations assume a 2's complement 
representation. Signed 32 and 64-bit integers are supported 
using the NPX. 
Ordinal ‘An unsigned binary numeric value contained in an 8-bit byte or | 
16-bit word. 
Pointer ‘A 82-bit quantity, composed of a segment selector component 
and an offset component. Each component is a 16-bit word. 
String A contiguous sequence of bytes or words. A string may contain 
from 1 byte to 64K bytes. 
ASCII A byte representation of alphanumeric and control characters 
using the ASCII standard of character representation. 
BCD A byte (unpacked) representation of the decimal digits 0-9. 
Packaged BCD | A byte (packed) representation of two decimal digits 0-9 storing 
one digit in each nibble of the byte. 
Floating Point | A signed 32, 64, or 80-bit real number representation. (Floating 
point operands are supported using the NPX.) 
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Figure A-4. Intel 80286 Supported Data Types 


226 Archi 
rey Intel 80286 Architecture 


ee pendix 
Initialization and Processor Reset 


Processor initialization or start up is accomplished by driving the 
RESET input pin HIGH. RESET forces the Intel 80286 to 
terminate all execution and local bus activity. No instruction or 
bus activity will occur as long as RESET is active. After RESET 
becomes inactive and an internal processing interval elapses, the 
Intel 80286 begins execution in the real-address mode with the 
Instruction at physical location FFFFFO hex. RESET also sets 


some registers to predefined values as shown in the following 
table. 


Register Value (Hex) 
Flag word 0002 
Machine Status Word FFFO 
Instruction Pointer FFFO 
Code segment F000 
Data segment 0000 
Extra segment 0000 
Stack segment 0000 


Machine Status Word Description 


The machine status word (MSW) records when a task switch takes 
place and controls the operating mode of the Intel 80286. It is a 
16-bit register of which the lower four bits are used. One bit 
places the CPU into protected mode, while the other three bits, as 
shown in the following table, control the processor extension 
interface. After RESET, this register contains FFFO hex which 
places the Intel 80286 in the real-address mode. 
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MSW Bit Functions 


Bit 
Position 


Name 


Function 


0 


PE 


1: 
Protected mode enable places the Intel 80286 


into the protected mode and can not be cleared 
except by RESET. 


or 


MP 


‘Monitor processor extension allows WAIT 
instructions to cause a processor extension not 
present exception (number 7). 


EM 


Emulate processor extension causes a processor 
extension not present exception (number 7) on 
ESC instructions to allow emulating a processor 
extension. 


TS 


Task switched indicates the next instruction 
using a processor extension will cause exception 
7, allowing software to test whether the current 
processor extension context belongs to the 
current task. 


The LMSW and SMSW instructions can load and store the MSW in 
the real-address mode. The recommended use of TS, EM, and MP 


signals is shown in the following table. 
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| Instructions 
TS | MP | EM Recommended Use Causing 
Exception 7 
0 0 0 | Initial encoding after RESET, Intel 80286 | None 
operation is identical to the Intel 8086 
and Intel 8088. 
0 0 1 _ | No processor extension is available. ESC 
Software will emulate its function. 
1 ) 1 | No processor extension is available. ESC | 
Software will emulate its function. The 
current processor extension context may 
belong to another task. 
0 | A processor extension exists. None 
0 | A processor extension exists. The current | ESC or 
processor extension context may belong to | WAIT 
another task. The exception on WAIT 
allows software to test for an error 
pending from a previous processor 
extension operation. 


Real-Address Mode 


The Intel 80286 CPU executes a fully upward-compatible superset 
of the Intel 8086 instruction set in the real-address mode. In the 
real-address mode, the CPU’s object code is compatible with the 
Intel 8086 software. 


Memory Size 


Physical memory is a contiguous array of up to 1,048,576 bytes 
(one megabyte) addressed by pins Ay through Ajg and -BHE. Ago 
through Aj, may be ignored. 
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Memory Addressing 


In the real-address mode, the processor generates 20-bit physical 
addresses directly from a 20-bit segment base address and a 16-bit 
offset. The selector portion of a pointer is interpreted as the upper 
16 bits of a 20-bit segment address. The lower four bits of the 
20-bit segment address are always zero. Segment addresses, 
therefore, begin on multiples of 16 bytes. See Figure A-5. 
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Figure A-5. Real-Address Mode Address Calculations 
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All segments in the real-address mode are 64K bytes in size and 
may be read, written, or executed. An exception or interrupt can 
occur if data operands or instructions attempt to wrap around the 
end of a segment (e.g. a word with its low-order byte at offset 
FFFF hex and its high-order byte at offset 0000 hex). If, in the 
real-address mode, the information contained in a segment does 
not use the full 64K bytes, the unused end of the segment may be 
overlayed by another segment to reduce physical memory 
requirements. 


Reserved Memory Locations 


The CPU reserves two fixed areas of memory in the real-address 
mode (see Figure A-6); system initialization area and interrupt 
table area. Locations from addresses FFFFO hex through FFFFF 
hex are reserved for system initialization. Initial execution begins 
at location FFFFO0 hex. Locations 00000 hex through 003FF hex 
are reserved for interrupt vectors. 
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Figure A-6. Real-Address Mode—Initially Reserved 
Locations 
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Interrupts 


the following table shows the interrupt vectors reserved for 
exceptions and interrupts which indicate an addressing error. The 
exceptions leave the CPU in the state existing before attempting to 


execute the failing instruction (except for PUSH, POP, PUSHA, or 
POPA). 


Fanciion Interrupt Related Return Address 
Number Instructions Before Instruction? 

Interrupt Table 8 INT vector is not Yes 
limit too small within table limit 
exception 
Processor 9 ESC with memory No 
extension segment operand extending 
overrun interrupt beyond offset 

FFFF hex 
Segment overrun 13 Word memory Yes 
exception reference with 

offset = FFFF hex 

or an attempt to 

execute past the 

| end of a segment 


Protected Mode Initialization 


To prepare the CPU for the protected-mode, the LIDT instruction 
is used to load the 24-bit interrupt table base and 16-bit limit for 
the protected mode interrupt table. This instruction can also set a 
bas2 and limit for the interrupt vector table in the real-address 
mode. After reset, the interrupt table base is initialized to 000000 
hex and its size set to 03FF hex. These values are compatible with 
the Intel 8086 and 8088 software. LIDT should only be executed in 
preparation for the protected mode. 
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Shutdown 


Shutdown occurs when a severe error is detected that prevents 
further instruction processing by the CPU. Shutdown and halt are 
externally signalled via a halt bus operation. They can be 
distinguished by A, HIGH for halt and A, LOW for shutdown. In 
the real-address iiode! shutdown can oecur under two conditions: 


@ Exceptions 8 or 13 happen and the IDT limit does not include 
the interrupt vector. 


@ A CALL, INT, or POP instruction attempts to wrap around the 
stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if the IDT limit 
is at least 000F hex and SP is greater than 0005 hex, otherwise 
shutdown can only be exited via the RESET input. 


Protected-Virtual-Address Mode 


The CPU executes a fully upward-compatible superset of the Intel 
8086 instruction set in the protected-virtual-address mode 
(protected mode). The protected mode also provides memory 
management and protection mechanisms and associated 
instructions. 


The CPU enters the protected-virtual-address mode from the real- 
address mode by setting the PE (Protection Enable) bit of the 
machine status word with the Load Machine Status (LMSW) 
instruction. The protected mode offers extended physical and 
virtual memory address space, memory protection mechanisms, 
and new operations to support operating systems and virtual 
memory. 


Programs for the Intel 8086, 8088, and 80186, and Intel 80286 real- 
address mode can be run in the protected mode; however, 
embedded constants for segment selectors are different. 
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Memory Size 


In the protected mode, the Intel 80286 provides a 1 gigabyte virtual 
address space per task mapped into a 16 megabyte physical 
address space defined by the address pins Aj,—Ay and -BHE. The 
virtual address space may be larger than the physical address 
space since any use of an address that does not map to a physical 
memory location will cause a restartable exception. 


Memory Addressing 


As in the real-address mode, the protected mode uses 32-bit 
pointers, consisting of 16-bit selector and offset components. The 
selector, however, specifies an index into a memory resident table 
rather than the upper 16-bits of a real memory address. The 
24-bit base address of the desired segment is obtained from the 
tables in memory. The 16-bit offset is added to the segment base 
address to form the physical address as shown in Figure A-7. The 
tables are automatically referenced by the CPU whenever a 
segment register is loaded with a selector. All Intel 80286 
instructions which load a segment register will reference the 
memory based tables without additional software. The memory 
based tables contain 8-byte values called descriptors. 
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Figure A-7. Protected Mode Memory Addressing 


Descriptors 


Descriptors define the use of memory. Special types of descriptors 
also define new functions for transfer of control and task 
switching. The Intel 80286 has segment descriptors (Figure A-8) 
for code, stack, and data segments, and system control descriptors 
for special system data segments and control transfer operations. 
Descriptor accesses are performed as locked bus operations to 
assure descriptor integrity in multi-processing systems. 
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Figure A-8. Segment Descriptor 


Code and Data Segment Descriptors 


Besides segment base addresses, code, and data descriptors contain 
other segment attributes including segment size (1 to 64K bytes), 
access rights (read only, read/write, execute only, and 
execute/read), and presence in memory (for virtual memory 
systems). Any segment usage violating a segment attribute 
indicated by the segment descriptor will prevent the memory cycle 
and cause an exception or interrupt. See the following table. 
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Access Rights Byte Definition 
Bit 
Position Name Function 
7 Present (P) P=1 Segment is mapped into physical 
memory. 
P=0 No mapping to physical memory 
exists, base and limit are not used. 
6-5 Descriptor Privilege | Segment privilege attribute used in 
Level (DPL) privilege tests. 
4 Segment Descriptor | S=1 Code or Data segment descriptor 
(S) S=0_Non-segment descriptor 
Data Segment 
3 Executable (E) E=0 Data segment descriptor type is 
2 Expansion Direction | ED=0 Grow up segment, offsets must be = 
(ED) limit. 
ED=1 Grow down segment, offsets must 
be > limit. 
1 Writeable (WD) WD=0 Data segment may not be written 
into. 
WD=1 Data segment may be written into. 
Code Segment 
3 Executable (E) E=1 Code segment descriptor type is: 
2 Conforming (C) C=1 Code segment may only be executed 
when CPU=DPL. 
1 Readable (R) R=0 Code segment may not be read. 
R=1 Code segment may be read. 
0 ‘Accessed (A) ‘A=0 Segment has not been accessed. 
A=1 Segment selector has been loaded into 
segment register or used by selector test 
instructions. 
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System Segment Descriptors 


The system segment descriptors define the special system data 
segments and control transfer mechanisms for use in the protected 
envrionment. The special system data segment descriptors define 
segments which contain tables of descriptors (Local Descriptor 
Table Descriptor) and segments which contain the execution state 
of a task (Task Segment Descriptor). See Figure A-9. 


The control transfer descriptors are call gates, task gates, 
interrupt gates, and trap gates. Gates provide a level of 
indirection between the source and destination of the control 
transfer. This indirection allows the CPU to automatically 
perform protection checks and control the entry point of the 
destination. Call gates are used to change privilege levels, task 
gates are used to perform a task switch, and interrupt and trap 
gates are used to specify interrupt service routines. The interrupt 
gate disables interrupts (resets IF) while the trap gate does not. 
See Figure A-10. 


System Segment Desciptor Fields 


Name | Value Description 

TYPE 1 Available Task State Segment 
2 Local Descriptor Table Descriptor 
3 Busy Task State Segment 

P i} Descriptor contents are not valid 

1 Descriptor contents are valid 

DPL 0-3 Descriptor Privilege Level 

BASE 24-bit Base Address of special systems data 

number | segment in real memory 
LIMIT 16-bit Offset of last byte in segment 
|_ number 
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Figure A-9. System Segment Descriptor 
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Gate Descriptor Fields 


Name Value Description 
i TYPE 4 Call Gate 
5 Task Gate 
6 Interrupt Gate 
7 Trap Gate 
P 0 Descriptor contents are not valid 
7 Descriptor contents are valid 
DPL 0-3 Descriptor Privilege Level 
WORD 0-31 Number of words to copy from callers 
COUNT stack to called procedures stack. Only 


used with call gate. 


DESTINATION | 16-bit selector 
SELECTOR 


Selector to the target code segment 
(Call, Interrupt, or Trap Gate) 
Selector to the target task state 
segment (Task Gate) 


DESTINATION | 16-bit offset | Entry point within the target code 
OFFSET segment 
7 O7 ) 
— 
+7 INTEL RESERVED +6 
+5] P| DPL [| TYPE x xX Xx oO +4 
| (| |_| ~ 
+3 DESTINATION SELECTOR, > x x| +2 
1 | 
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Figure A-10. Gate Descriptor 
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Instruction Set 


The instruction set is divided into seven categories: 
Data Transfer 
Arithmetic 


Shift/Rotate/Logical 


Control Transfer 


High Level Instructions 


1 
2 
3 
4. String Manipulation 
5 
6 
7 


Processor Control. 


An Intel 80286 instruction can reference zero, one, or two operands; 
where an operand resides in a register, in the instruction itself, or 
in memory. Zero-operand instructions, e.g., NOP and HLT, are 
usually one byte long. One-operand instructions, e.g., INC and 
DEC, are usually two bytes long but some are encoded in only one 
byte. One-operand instructions may reference a register or 
memory location. Two-operand instructions permit the following 
six types of instruction operations: 


@ Register to Register 
@ Memory to Register 
@ Immediate to Register 


@ Memory to Memory 
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e@ Register to Memory 
@ Immediate to memory 


Two-operand instructions, e.g. MOV and ADD, are usually three to 
six bytes long. Memory to memory operations are provided by a 
special class of string instructions requiring one to three bytes. 


Data Transfer Instructions 


General-purpose Data Transfers 


MOV (Move) 


MOV transfers a byte or a word from a source operand to a 
destination operand. 


PUSH* 


PUSH decrements the stack pointer (SP) by two and then 
transfers a word from the source operand (register, memory, 
immediate) to the top of stack indicated by SP. PUSH is often used 
to place parameters on the stack before calling a procedure; it is 
also the basic means of storing temporary variables on the stack. 


* Special forms of these instructions are also available for saving and restoring all 
general-purpose registers. (See Procedure Implementation Instructions.) 
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POP* 


POP transfers the word at the current top of stack (indicated by 
SP) to the destination operand (register or memory), and then 
increments SP by two to point to the new top of stack. POP moves 
information from the stack to either a register or memory. 


XCHG (Exchange) 


XCHG exchanges the byte or word source operand with the 
destination operand. The Exchange instruction automatically 
invokes a bus LOCK signal to support the use of semaphores in a 
multiprocessor system. 


Accumulator-specific Transfers 


IN 


IN transfers a byte (or word) from an input port to the AL 
register (or AX register for a word). The port is specified either 
with an in-line data byte, allowing fixed access to ports 0 through 
255, or with a port number in the DX register, allowing variable 
access to 64K input ports. 


* Special forms of these instructions are also available for saving and restoring all 
general-purpose registers. (See Procedure Implementation Instructions.) 
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OUT 


OUT is similar to IN except that the transfer is from AX or AL to 
the output port. 


XLAT (Translate) 


XLAT performs a table-lookup byte translation. The AL register 
is used as an index into a 256-byte table whose base is addressed 
by the BX register. The byte operand so selected is transferred to 
AL. 


Address Transfers 


LEA (Load Effective Address) 


LEA transfers the offset of the source operand (rather than its 
value) to the destination operand. The source operand must be a 
memory operand, and the destination operand must be a 16-bit 
general register. 


LDS (Load Pointer Into DS) 


LDS transfers a pointer (that is, a 32-bit value containing an offset 
and a segment selector) from the source operand, which must be a 
memory operand, to a pair of destination registers. The segment 
selector is transferred to the DS segment register. The offset must 
be transferred to a 16-bit transfer. 
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LES (Load Pointer Into ES) 


LES performs the same function as LDS except that the segment 
selector is transferred to the ES segment register. 


Flag Register Transfers 


LAHF (Load AH With Flags) 


LAHF transfers the flag registers SF, ZF, AF, PF, and CF into 
specific bits of the AH Register. 


SAHF (Store AH Into Flags) 


SAHF transfers specific bits of the AH register to the flag 
registers SF, ZF, AF, PF, and CF. 


PUSHF (Push Flags) 


PUSHF decrements the SP register by two and transfers all of the 
flag registers into specific bits of the stack element addressed by 
SP. 


POPF (Pop Flags) 


POPF transfers specific bits of the stack element addressed by the 
SP register to the flag registers and then increments SP by two. 
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Arithmetic Instructions 


Addition Instructions 


ADD 


ADD replaces the destination operand with the sum of a source 
and a destination operand. 


ADC (Add With Carry) 


ADC sums the operands, which may be bytes or words, adds one if 
CF is set, and replaces the destination operand with the result. 
ADC can be used to add numbers longer than 16 bits. 


INC (Increment) 


INC adds one to the destination operand. The operand may be 
either a byte or a word and is treated as an unsigned binary 
number. 


AAA (ASCII Adjust For Addition) 


AAA changes the contents of register AL to a valid unpacked 
decimal number, and zeroes the top four bits. 


DAA (Decimal Adjust For Addition) 


DAA corrects the result of adding two valid packed decimal 
operands. DAA changes this result to a pair of valid packed 
decimal digits. 
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SUB (Subtract) 


SUB subtracts the source operand from the destination operand, 
and replaces the destination operand with the result. The 
operands may be signed or unsigned bytes or words. 


SBB (Subtract With Borrow) 


SBB subtracts the source operand from the destination operand, 
subtracts one if CF is set, and returns the result to the destination 
operand. The operands may be signed or unsigned bytes or words. 
SBB may be used to subtract numbers longer than 16 bits. 


DEC (Decrement) 


DEC subtracts one from the destination operand, which may 
contain a byte or a word. 


NEG (Negate) 


NEG subtracts the byte or the word in the destination operand 
from zero and returns the result to the destination. This 
instruction forms the two’s complement of the number, effectively 
reversing the sign of an integer. 


CMP (Compare) 


CMP subtracts the source operand from the destination operand, 
which may be bytes or words, but does not return the result. The 
operands remain unchanged, but the flags are updated and can be 
tested by a subsequent conditional Jump instruction. 
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AAS (ASCII Adjust For Subtraction) 


AAS changes the contents of register AL to a valid unpacked 
decimal number, and zeroes the top four bits. 


DAS (Decimal Adjust For Subtraction) 


DAS corrects the result of subtracing two valid packed decimal 
operands. DAS changes this result to a pair of valid packed 
decimal digits. 


Multiplication Instructions 


MUL (Multiply) 


MUL performs an unsigned multiplication of the source operand 
and the AX or AL register. If the source operand is a byte, then it 
is multiplied by register AL, and the two-byte result is returned 
with the most-significant byte in AH and the least-significant byte 
in AL. If the source operand is a word, then it is multiplied by 
register AX, and the two-word result is returned in registers DX 
and AX with DX containing the most-significant word. 


IMUL (Integer Multiply) 


IMUL performs a signed multiplication of the source operand and 
the accumulator. IMUL uses the same registers as the MUL 
instruction. 
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AAM (ASCII Adjust For Multiplication) 


AAM corrects the result of a multiplication of two valid unpacked 
decimal numbers. 


Division Instructions 


DIV (Divide) 


DIV performs an unsigned division of the AX or AX and DX 
registers by the source operand. If the source operand is a byte, it 
is divided into the two-byte dividend assumed to be in registers 
AH and AL with the most-significant byte in AH. The single-byte 
quotient is returned in AL, and the single-byte remainder is 
returned in AH. 


If the source operand is a word, it is divided into the two-word 
dividend in registers AX and DX. The single-word quotient is 
returned in AX, and the single-word remainder is returned in DX. 
Nonintegral quotients are truncated to integers. 


IDIV (Integer Divide) 


IDIV performs a signed division of the accumulator by the source 
operand. IDIV uses the same registers as the DIV instruction. 
For byte integer division, the maximum positive quotient is +127 
and the minimum negative quotient is -128. For word integer 
division, the maximum positive quotient is +32,767 and the 
minimum negative quotient is -32,768. 
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AAD (ASCII Adjust For Division) 


AAD modifies the numerator in AL before dividing two valid 
unpacked decimal operands so that the quotient produced by the 
division will be a valid unpacked decimal number. AH must be 
zero for the subsequent DIV to produce the correct result. The 
quotient is returned in AL, and the remainder is returned in AH; 
both high-order half-bytes are zeroed. The quotient is returned in 
AL, and the remainder is returned in AH; both high-order half- 
bytes are zeroed. 


CBW (Convert Byte To Word) 


CBW extends the sign of the byte in register AL throughout 
register AH. CBW does not affect any flags. CBW can be used to 
produce a double-length (word) dividend from a byte before a byte 
division. 


CWD (Convert Word To Doubleword) 


CWD extends the sign of the word in register AX throughout 
register DX. CWD does not affect any flags. CWD can be used to 
produce a double-length (double word) dividend from a word before 
a word division. 


A-38 Intel 80286 Architecture 


Logic Instructions 


All of the logic instructions, except NOT, affect the sign flag (SF), 
zero flag (ZF), and parity flag (PF). 


NOT 


NOT inverts the bits to form a one’s complement of the byte or 
word operand. NOT has no effect on the flags. 


AND 


AND performs the logical “and” of the operands (byte or word) 
and returns the result to the destination operand. 


OR 


OR performs the logical “inclusive or” of the two operands (byte or 
word) and returns the result to the destination operand. 


XOR (Exclusive Or) 


XOR performs the logical “exclusive or” of the two operands and 
returns the result to the destination operand. 


TEST 


TEST performs the logical “and” of the two operands (byte or 
word), updates the flags, but does not return the result. Neither 
operand is changed. 
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SHL (Shift Logical Left) 
SAL (Shift Arithmetic Left) 


SHL and SAL perform the same function and are physically the 
same instruction. The destination byte or word is shifted left by 
the number of bits specified in the count operand. The processor 
shifts zeroes in from the right. 


SHR (Shift Logical Right) 


SHR shifts the bits in the destination operand (byte or word) to 
the right by the number of bits specified in the count operand. 
The processor shifts zeroes in from the left. 


SAR (Shift Arithmetic Right) 


SAR shifts the bits in the destination operand (byte or word) to 
the right by the number of bits specified in the count operand. 
Bits equal to the original high-order (sign) bit are shifted in from 
the left, preserving the sign of the original value. 


ROL (Rotate Left) 
ROR (Rotate Right) 


ROL and ROR rotate the destination operand (byte or word) left or 
right by the number of bits specified in the count operand. 


RCL (Rotate Through Carry Left) 
RCR (Rotate Through Carry Right) 


RCL and RCR rotate bits in the destination operand (word or byte) 
to the left or right by the number of bits specified in the count 
operand. These instructions treat the carry flag (CF) as a high- 
order one-bit extension of the destination operand taking part in 
the bit rotation. 
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MOVS (Move String) 


MOVS transfers a byte or word operand from the source operand 
to the destination operand. As a repeated operation, this 
instruction moves a string from one location in memory to 
another. 


CMPS (Compare String) 


CMPS subtracts the destination byte or word operand from the 
source operand and affects the flags, but does not return the 
result. As a repeated operation, this instruction compares two 
strings. With the appropriate Repeat prefix, it is possible to 
determine the string element after which the two strings become 
unequal, thereby establishing an ordering between the strings. 


SCAS (Scan String) 


SCAS subtracts the destination byte or word operand from (AL or 
AX) and affects the flags, but does not return the result. Asa 
repeated operation, this instruction scans for the occurrence of, or 
departure from, a given value in the string. 


LODS (Load String) 


LODS transfers a byte or word operand from the source operand 
to AL (or AX). This operation ordinarily is not repeated. 


Intel 80286 Architecture A-41 


Appendix 
= S-. 


STOS (Store String) 


STOS transfers a byte or word operand from AL (or AX) to the 
destination operand. Asa repeated operation, this instruction fills 
a string with a given value. 


REP (Repeat) 

REPE (Repeat While Equal) 
REPNE (Repeat While Not Equal) 
REPZ (Repeat While Zero) 
REPNZ (Repeat While Not Zero) 


REP, REPE, REPNE, REPZ, and REPNZ repeat the action of the 
Move String, Store String, and Compare String operations to 
process a block of memory with a single instruction. The Repeat 
instruction uses the CX register to count repetitions. Repeat 
While Equal and Repeat While Zero prefixes terminate their 
actions when the zero flag (ZF) is cleared. Repeat While Not 
Equal and Repeat While Not Zero terminate when the zero flag is 
set. 


Control Transfer Instructions 


Conditional Transfer Instructions 


The following table lists the conditional transfer mnemonics and 
their interpretations. The conditional jumps which are listed as 
pairs are actually the same instruction. The instruction set 
provides the alternate mnemonics for greater clarity within a 
program listing. 
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Unsigned Conditional Transfers 


Mnemonic Condition Tested “Jump If...” 

JA/INBE (CF or ZF) =0 above/not below nor equal 
JAE/JNB CF = above or equal/not below 
JB/INAE CF =1 below/not above nor equal 
JBE/INA (CF or ZF) = 1 below or equal/not above 
JC CF=1 carry 

JE/JZ ZF =1 equal/zero 

JNC CF =0 not carry 

INE/JINZ ZF =0 not equal/not zero 
JNP/JPO PF =0 not parity/parity odd 
JP/JPE PF=1 parity/parity even 


Signed Conditional Transfers 
Mnemonic Condition Tested “Jump If...” 


JG/JNLE ((SF xor OF) or ZF) =0 — greater/not less nor equal 


JGE/JNL (SF xor OF) = 0 greater or equal/not less 
JL/JNGE (SF xor OF) =1 less/not greater nor equal 
JLE/JNG ((SF xor OF) or ZF) =1 less or equal/not greater 
JNO OF =0 not overflow 

JNS SF =0 not sign 

JO OF =1 overflow 

JS SF =1 sign 


Unconditional Transfer Instructions 


CALL 


CALL activates an out-of-line procedure, saving information on the 
stack for later use by a Return instruction. The Return instruction 
in the called procedure uses this information to transfer execution 
back to the calling program. 


Although long calls are provided for intersegment transfers, short 
intrasegment call instructions require fewer bytes, providing 
greater code density for better use of memory. The program uses 
immediate data to specify a direct call and a register or memory to 
specify an indirect call. 
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RET (Return) 


RET transfers control from a procedure back to the instruction 
after the call that activated the procedure. Long and short forms 
of the Return instruction are provided for intersegment and 
intrasegment transfer, respectively. 


A value which may be coded within the Return instruction is 
added to the stack pointer after the return address is popped off 
the stack. This operation releases the stack space which was used 
for parameter passing. 


JMP (Jump) 


JMP unconditionally transfers control to the target location. 
Unlike a Call instruction, Jump is a one-way transfer of execution; 
it does not save any return information on the stack. As with the 
Call instruction, the Jump instruction can include the address of 
the target operand directly or obtain the address indirectly from a 
register or memory. 


Iteration Control Instructions 


LOOP 


LOOP decrements the CX (“count”) register by one and transfers 
execution if CX is not zero. 


LOOPZ (Loop While Zero) 
LOOPE (Loop While Equal) 


ae Intel 80286 Architecture 


— Appendix 


LOOPZ and LOOPE decrement the CX register by one and 
transfers execution if CX is not zero and the ZF flag is set. 


LOOPNZ (Loop While Not Zero) 
LOOPNE (Loop While Not Equal) 


LOOPNZ and LOOPNE decrement the CX register by one and 
transfers if CX is not zero and the ZF flag is cleared. 


JCXZ (Jump If CX Zero) 


JCXZ transfers execution if the CX register is zero. This 
instruction is useful for jumping over a loop to execute it zero 
times. 


Flag Operations 


CF (Carry Plag) 


If an addition results in a carry out of the high-order bit of the 
result, then CF is set; otherwise CF is cleared. If a subtraction 
results in a borrow into the high-order bit of the result, then CF is 
set; otherwise CF is cleared. Add With Carry (ADC) and Subtract 
With Borrow (SBB) instructions may use the carry flag to perform 
multibyte addition and subtraction. 
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AF (Auxiliary Carry Flag) 

This flag detects a carry or borrow across the boundary between 
the two halves of the AL register. AF is provided for the 


decimal-adjust instructions and is not ordinarily used for any 
other purpose. 


SF (Sign Flag) 


Arithmetic and logic instructions set the sign flag equal to the 
high-order bit (bit 7 or 15) of the result. Standard two’s 
complement notation is used to indicate a 1 for negative results. 


ZF (Zero Flag) 


If the result of arithmetic or logical operation is zero, then ZF is 
set; otherwise ZF is cleared. 


PF (Parity Flag) 


If the low-order eight bits of an arithmetic or logical result 
contain an even number of 1-bits, then the parity flag is set; 
otherwise it is cleared. 


OF (Overflow Flag) 


If the result of an operation is a too-large positive number or a 
too-small negative number to fit in the destination operand 
(excluding the sign bit), then OF is set; otherwise OF is cleared. 
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Interrupt Instructions 


INT (Interrupt) 


INT pushes the flag registers (as in PUSHF), clears the TF, and 
transfers control by an indirect call through any one of the 256 
interrupt vector elements. The instruction may or may not clear 
IF depending on the contents of the interrupt vector table. A 
one-byte form of this instruction uses an implied interrupt vector 
type 3 and is used for a breakpoint interrupt. The following is a 


list of the predefined interrupt vectors. 


Number 


Description 


Divide error exception 
Single-step interrupt 

Nonmaskable interrupt 

Breakpoint interrupt 

INTO detected overflow exception 
Bound RANGE exceeded exception 
Invalid opcode exception 

Processor extension not-present trap 
Double protection exception 
Processor extension segment 
overrun exception 

Task segment format exception 
Segment not-present exception 
Stack under/overflow exception 
General protection exception 
Reserved 

Processor extension error interrupt 


Reserved 


INTO (Interrupt On Overflow) 


INTO pushes the flag registers (as in PUSHF), clears the TF, and 


transfers control to an interrupt service routine for this 
instruction if OF is set. The instruction may or may not clear IF 
depending on the contents of the interrupt vector table. 
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IRET (Return From Interrupt) 


IRET transfers control to the return address saved by a previous 
interrupt operation and restores the saved flag register (as in 
POPF). 


Procedure Implementation 


ENTER (Enter Procedure) 


ENTER creates the stack frame required by most block-structured 
high-level languages. ENTER specifies how many bytes of 
dynamic storage to allocate on the stack for the routine being 
entered. It also specifies the lexical nesting level of the routine 
and determines how many stack frame pointers the CPU will copy 
into the new stack frame from the preceding frame. This list of 
stack frame pointers is called the display. BP always contains the 
current stack frame pointer. 


LEAVE (Leave Procedure) 


LEAVE reverses the effects of the Enter instruction by releasing 
all the stack space used by a routine for its dynamic storage and 
stack frame pointers (display). 


PUSHA (Push All) 


PUSHA saves all registers on the stack using a single instruction 
prior to the execution of a procedure. 
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POPA (Pop All) 


POPA restores the registers saved by the Push All instruction, 
except that SP remains unchanged as the CPU ignores the SP 
value saved by Push All. 


Processor Control Instructions 


Various instructions and mechanisms control the Intel 80286 
processor and its interaction with its environment. 


Flag Instructions 

STC (Set Carry Flag) 

STC sets the carry flag (CF) to 1. 

CLC (Clear Carry Flag) 

CLC zeroes the carry flag (CF). 

CMC (Complement Carry Flag) 

CMC reverses the current status of the carry flag (CF). 
STD (Set Direction Flag) 


STD sets the direction flag (DF), causing the string instructions to 
auto-decrement the operand pointer(s). 
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CLD (Clear Direction Flag) 


CLD clears the direction flag (DF), causing the string instructions 
to increment the operand pointer(s). 


STI (Set Interrupt-enable Flag) 


STI sets the interrupt-enable flag (IF), allowing the processing of 
maskable interrupts. 


CLI (Clear Interrupt-enable Flag) 


CLI clears the interrupt-enable flag (IF), preventing the processing 
of maskable interrupts. 


HLT (Halt) 


HLT causes the Intel 80286 processor to halt processing. The 
HALT state is cleared by RESET or an enabled external interrupt. 


WAIT (Wait) 


WAIT causes the processor to enter a WAIT (idle) state until the 
CPU receives a signal to continue processing. The CPU includes a 
special input line called TEST which is reserved for this operation. 
The CPU will exit WAIT to service interrupts and resume WAIT 
on return from the interrupt service routine. 


ESC (Escape) 


ESC provides a mechanism by which other processors, such as the 
Numeric Processor Extension (NPX), may receive their 
instructions from the Intel 80286 instruction stream and make use 
of the Intel 80286 addressing modes. 
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LOCK (Bus Lock Prefix) 


pOck: precedes any instruction to cause the processor to assert its 
us LOCK signal for the duration of the operation caused by that 


instruction, This prefix code has use in multiprocessing 
applications. 


Protected Virtual Address Mode Instructions 


Protection Control Instructions 


LGDT (Load Global Descriptor Table Register) 


LGDT loads the GDT register with base and limit information for 
the system’s global descriptor table. The CPU obtains the required 
six bytes from memory beginning at the location indicated within 
the instruction. 


LIDT (Load Interrupt Descriptor Table Register) 


LIDT loads the IDT register with six bytes of base and limit 
information for the system’s interrupt descriptor table. 


LLDT (Load Local Descriptor Table Register) 


LLDT loads the LDT registers with a 16-bit selector value to 
choose one of the local descriptor tables listed within the GDT. 
The source may be either a 16-bit register or memory operand. 
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LMSW loads the MSW register from either a 16-bit register or 
memory operand. This instruction allows a system to enter 
Protected Mode after power-up or a system reset. A power-down 
or a system reset is the only way to return to Real Address Mode. 


LTR (Load Task Register) 


LTR loads the task register with a 16-bit selector value to choose 
one of the task state segments listed within the GDT. The source 
may be either a 16-bit register or memory operand. 


SGDT (Store Global Descriptor Table) 


SGDT stores the contents of the GDT register in six consecutive 
bytes beginning at the location indicated within the instruction. 


SIDT (Store Interrupt Descriptor Table) 


SIDT stores the contents of the IDT register in six consecutive 
bytes beginning at the location indicated within the instruction. 


SLDT (Store Local Descriptor Table Register) 


SLDT stores the selector field of the LDT in the indicated 16-bit 
register or memory operand. 


SMSW (Store Machine Status Word Register) 


SMSW stores the Machine Status Word in the indicated 16-bit 
register or memory operand. 
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STR (Store Task Register) 


STR stores the selector field of the task register in the indicated 
16-bit register or in the memory operand. 


ARPL (Adjust Requested Privilege Level) 


ARPL sets the RPL field of the operand to the maximum of its 
original value and a value contained within the instruction. This 
action ensures that a selector passed to a procedure does not 
request more privilege than the caller was entitled to. The 
instruction sets ZF (zero flag) if it alters the selector passed to the 
procedure. The RPL field may be within either a 16-bit register or 
memory operand. 


CTS (Clear Task Switched Flag) 


CTS clears the TS flag which the hardware sets each time it 
performs a task switching operation. If a task switch occurs 
during the operation of the NPX, the TS flag can activate a routine 
which saves the context of the co-processor and clears TS to 
prepare for the next task switching operation. 


Protection Parameter Verification Instructions 


Bound (Detect Value Out Of Range) 


Bound verifies that the value contained in the indicated register 
lies within specified limits. These limit values reside in a two- 
word block of memory beginning at a location specified within the 
instruction. If the instruction detects that the value is not within 
the specified range, the special interrupt for this instruction 
occurs. The Bound instruction can serve as an array bounds check 
to prevent accidental overwriting of data outside an array. 
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LAR (Load Access Rights) 


LAR loads the high eight bits of a 16-bit register with the access 
rights field of a descriptor. The instruction indicates the 8-byte 
descriptor indirectly through its associated 16-bit selector. The 
selector value may be either a register or memory operand. The 
instruction sets ZF to indicate that the descriptor was visible and 
that the access rights are present within the specified register. 


LSL (Load Segment Limit) 


LSL operates in the same way as the LAR instruction, except that 
it places the 16-bit segment limit value from a descriptor into the 
specified register. 


VERR (Verify Read Access) 


VERR sets ZF if the segment indicated within the instruction is 
readable or clears ZF if it is read-protected. The instruction 
indicates the segment to be verified with a selector value contained 
in a 16-bit register or memory operand. This instruction allows a 
segment to be tested without causing a protection fault. 


VERW (Verify Write Access) 


VERW operates the same as the VERR instruction except that it 
verifies write-protect status. 
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Intel 80286 Instruction Set Summary 


Data Transfer 


COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 


MOV = Move: 

Register to Register/Memory __ 2 10 
1000100w| mod reg r/m) % 7 

Register/memory to register, 2 10 
1.000101] mod reg r/m])> ' 

Immediate to register/memory “| 2 10 
oe 


Immediate to register ¢ 


1 Oliw reg] data data if w=1) 


wo 


Memory to accumulator 2 10 


1010000w| addr-low | addr-high]} 


Accumulator to memory 2 10 
1010001w] addr-low | addr-high 


Register/memory to segment register 2 10,11,12 
1.000111 0|mod 0 reg_r/m 

Segment register to register/memory 2 10 

1 000110 0|mod 0 reg _r/m 
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COMMENTS 
Real | Protected 
FUNCTION Address | Virtual 
FORMAT Mode | Address 
Mode 
PUSH = Push: 
Memor 2 10 
1111111 1|mod110 1/m 
Register 2 10 
01010 reg 
Segment register 2 10 
0 00reg110 
Immediate 2 10 
0.11010s0| data | dataifs=0 
PUSHA = Push All 2 10 
01100000] $© 
POP = Pop: 
Memory 2 10 
10001111 mod 000 W/m) & 
Z 
Register Zur 2 10 
O10lire) 9 
Segment Register 2 10,11,12 
0 00regi1 1] (reg = O1 
POPA = Pop All, ( 2 10 
01100001) 7 
|. 
XCHG = Exchange: 
Register/memory with register 2,7 7,10 
1.000011 w | mod reg_r/m 
Register with accumulator 
10010 reg 
IN = Input from: 
Fixed port 15 
7.110010w] port 
Variable pot 15 
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COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
=} Mode 


OUT = Output to: 
Fixed no: 15 
Variable port 15 
11101lliw 


XLAT = Translate byte to AL 10 


11010111 
LEA = Load EA to register 
10001101 mod reg r/m 


LDS = Load pointer to DS 2 10,11,12 
11000101 | mod reg r/m_| (mod # 11) 
LES = Load pointer to ES 2 10,11,12 
(1000100 mod reg r/m_| (mod # 11) 


LAHF = Load AH with flags 


SAHF = Store AH into flags 
10011110 


PUSHF = Push flags 2 10 
10011100 


POPF = Pop flags 24 10,16 
10011101 
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FUNCTION 
FORMAT 


COMMENTS 


Real Protected 
Address Virtual 

Mode Address 
Mode 


ADD = Add: 

Reg/memory with register to either 

0 00000dw |mod reg_r/m 

Immediate to register/memor’ 

1.00000sw |mod 000 r/m|dataldata ifs w = 01 


Immediate to accumulator 


0.000010w | data | dataifw=1) 


2 10 


ADC = Add with carry: 

Reg/memory with register to either 

0 00100dw mod reg r/m 

Immediate to register/memory 

1.000005 w [mod 010 r/m|dataldata if s w = 01 ] 


Immediate to accumulator 


0 001010w| data | dataifw=1 


INC = Increment 
Register/memory 
1111111 w |mod 000 r/m 
Register 

01000 reg 


E 
SUB = Subtract: 

Reg/memory and register to either 
0.01010dw [mod reg _r/m 

Immediate from register/memory 

1 00000sw |mod101 r/m|dataldata ifs w = 01 


Immediate from accumulator 


0 010110w | data | dataifw=1 
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COMMENTS 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


SBB = Subtract with borrow: 

Reg/memory and register to either 

0 00110dw |mod reg _r/m 

Immediate from register/memory 

100000sw |mod 011 r/m|data|data ifs w = 01 


Immediate from accumulator 


0 001110w | data | data if w = 


10 


DEC = Decrement: 
Register/memory 
1.111111 w |mod 001 r/m 
Register, 
0.1001 reg 


10 


CMP = Compare: 
‘egister/memory with register 
0 011101 w [mod reg_r/m 


Register with register/memory 
0011100w mod reg r/m 
Immediate with register/memor, 
[1.0.0000sw |mod111 r/m|data|data ifs w = 01 


Immediate with accumulator 
0.011110w | data | data if w =1] 


NEG = Change sign 
1.111011 w |mod 011 r/m 
AAA = ASCII adjust for add 


00110111 


DAA = Decimal adjust for add 
00100111 


10 


10 


10 
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COMMENTS 
Real Protected 
FUNCTION Address | Virtual 
FORMAT Mode | Address 
Mode 
"AAS = ASCII adjust for subtract 
QO O111111 
DAS = Decimal adjust for subtract 
00101111 
MUL = Sea ee | 
1.111011 w |mod100 r/m 
Register-Byte 
Register-Word 
Memory-Byte 2 10 
Memory-Word 2 10 
| 
TMUL = Integer multiply (signed): i 
1111011 w |mod101 r/m 
Register-Byte 
Register-Word 
Memory-Byte 2 10 
Memory-Word 2 10 
IMUL = Integer immediate multiply (signed) 2 10 
[0 1101051) mod reg r/m|data|data if s = 0] 
| DIV = Divide (unsigned): 
1.111011 wl] mod110 r/m 
Register-Byte 6 6 
Register-Word 6 6 
Memory-Byte 26 6,10 
Memory-Word 26 6,10 
TDIV = Integer divide (signed): 
Register-Byte 6 6 
Register-Word 6 6 
Memory-Byte 2,6 6,10 
Memory-Word 26 6,10 
FAAM = ASCII adjust for multiply 
1.1010100]00001010 
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COMMENTS 


Real Protected 
FUNCTION Address Virtual 
FORMAT 


Mode Address 
Mode 
AAD = ASCII adjust for divide 
CBW = Convert byte to word 
10011000 


CWD = Convert word to double word. 


10011001 
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COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 


Shift/Rotate Instructions: 
Register/Memory by 1 2 10 
1101000w| mod TTT r/m 
Register/Memory by CL 2 10 
1101001 wl] mod TIT r/m 
Register/Memory by Count 2 10 


110000 w [mod TTT r/m| count 


TIT Instruction 


000 — ROL 
oo1 ROR 
010 — RCL 
oli RCR 
100. SHL/SAL 
101 SHR 
PLAT SAR 
AND = And: 
Reg/memory and register to either 2 10 
0 01000dwI] mod reg r/m 
Immediate to register/memory 2 10 


1 000000w] mod 100 r/m|data| data if w 


Immediate to accumulator 
0 010010] data | data if w=1 


TEST = And function to flags, no result: 
Register/memory and register 2 
1000010w| mod reg _r/m 

Immediate data and register/memory _ 2 10 

(1111011 w] mod 000 1/m| data] data if w 


Immediate data and accumulator 


1010100w| data [data if w=1 
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COMMENTS 
Real | Protected 
FUNCTION Address | Virtual 
FORMAT Mode | Address 
Mode 
OR = Or: 
Reg/memory and register to either 2 10 
0 00010dw] mod reg _t/m 
Immediate to register/memory 2 10 
1 000000 w| mod 001 r/m|dataldata if w = 1) 
Immediate to accumulator 
0 000110] data | data if w = 
XOR = Exclusive or: 
Reg/memory and register to either 2 10 
0 01100dw| mod reg _t/m 
Immediate to register/memory 2 10 
(000000w| mod110 r/m|dataldata if w = 1) 
Immediate to accumulator 
(0011010w] data | dataifw=1 
NOT = Invert register/memory 2 10 
1111011 mod 010 r/m 
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String Manipulation 


COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 
MOVS = Move byte/word 2 10 
1 010010w 
CMPS = Compare byte/word 2, 10 
1 010011w 
SCAS = Scan byte/word 2 10 
1 010111 Ww 
LODS = Load byte/wd to AL/AX 2 10 
1010110w 
STOS = Stor byte/wd from AL/A 2 10 
1010101w 
INS = Input byte/wd from DX port 2 10,15 
O110110w 
OUTS = Output byte/wd to DX port 2 10,15 
0110111W 
Repeated by count in CX 
MOVS = Move strinj 2 10 
11110010]1010010w 
CMPS = Compare string 28 8,10 
(Liito0o1: 210100116) 
4 
SCAS = Scan strin; 28 8,10 
11110012]/1010111w 
Lops = Load strin, 28 8,10 
11110010]1010110w 
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COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 
STOS = Store string 28 8,10 
11110010]1010101w 
INS = Input string 2 10,15 
11110010/0110110w 
Res 
OUTS = Output string 2 10,15 
11110010J0110111W 
is 
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Control Transfer 


—_ 
COMMENTS 
Real Protected 
FUNCTION Address | Virtual 
FORMAT Mode Address 
Mode 
CALL = Call: 
Direct within segment 2 19 
11101000 disp-low disp-high 
Register/memory 2.8 8,10,19 


indirect within segment 
11111111] mod 010 r/m 
Direct intersegment 2 12,13,19 
10011010 segment offset 


segment selector 


Protected Mode Only (Direct Intersegment): 


Via call gate to same privilege level 8,12,13,19 
Via call gate to different privilege level, no 8,12,13,19 
parameters 

Via call gate to different privilege level, x parameters 8,12,13,19 
Via TSS 8,12,13,19 
Via task gate 8,12,13,19 
Indirect intersegment 2 8,10,12,13,19 
(mod 11 

Protected Mode Only (Indirect Intersegment): 

Via call gate to same privilege level 8,10,12,13,19 
Via call gate to different privilege level, no parameters 8,10,12,13,19 
Via call gate to different privilege level, x parameters 8,10,12,13,19 
Via TSS 8,10,12,13,19 
Via task gate 8,10,12,13,19 
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[__comMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode _| 
IMP = Unconditional jump: 
Short/long = 19 
11101011] disp-low bas 
Direct within segment ~ 19 
11101001] disp-low | disp-high éA 
Register/memory indirect within segment 2 10,19 
11111111] mod100 r/m FF 
Direct intersegment 12,13,19 
1.110101 0|segment offset 
Protected Mode Only (Direct Intersegment): 
Via call gate to same privilege level 8,12,13,19 
Via TSS 8,12,13,19 
Via task gate 8,12,13,19 
Indirect intersegment 2 8,10,12,13,19 
(mod x12) 
Protected Mode Only (Indirect Intersegment): 
Via call to same privilege level 8,10,12,13,19 
Via TSS 8,10,12,13,19 
Via task gate 8,10,12,13,19 
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‘__ COMMENTS 
Real | Protected 
FUNCTION Address | Virtual 
FORMAT Mode | Address 
Mode 
RET = Return from CALL: 
Within segment 2 8,10,19 
11000011 
Within seg adding immed to SP 2 8,10,19 
11000010] data-low | data-high 
Intersegment 2 8,10,12,13,19 
(1001017) 
Intersegment adding immediate to SP 2 8,10,12,13,19 
11001010] data-low | data-high 
Protected Mode Only (RET): 
10,12,13,19 


To different privilege level 


E/JZ = Jump on equal/zero 
1110100] disp 


JL/JNGE = Jump on less/not greater or equal 
01111100 is) 


LE/JNG = Jump on less or equal/not greater 


i: 


B/JNAE = Jump on below not above or equal 
01110010 disp 


BE/JNA = Jump on below or equal not above 
01110110] disp 


P/JPE = Jump on parity/parity even 
01111010] disp 


JO = Jump on overflow 
01110000] dis) 
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COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 
JS = Jump on sign 19 
| L 
JNE/JNZ = Jump on not equal/not zero 19 
Z| 
JINL/JGE = Jump on not less/greater or equal 19 
foatiit01 disp | 
| 
JINLE/JG = Jump on not less or equal/greater 19 
L | 
JNB/JAE = Jump on not below/above or equal 19 
01110011 dis} 
fo iori an J _| 
JNBE/JA = Jump on not below or equal/above 19 
O1110111 disp 


JNP/JPO = Jump on not par/par odd 19 
01111011] disp 
JNO = Jump on not overflow 19 
01110001] disp 
JNS = Jump on not sign 19 
01111001] disp 
LOOP = Loop CX times 19 
11100010] disp 
| LOOPZ/LOOPE = Loop while zero/equal 19 
11100001] dis 
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COMMENTS | 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 
LOOPNZ/LOOPNE = Loop while not zero/equal 19 
11100000] dis 
JCXZ = Jump on CX zero —T 19 
11100011 disp 
| 
ENTER = Enter Procedure 28 8,10 
11001000] disp-low |data-high| L 
L=0 28 8,10 
Le 28 8,10 
L>1 28 8,10 
LEAVE = Leave Procedure 
at = 
INT = Interrupt: 
Type specified 278 
278 


L. 


INTO = Interrupt on overflow 2,68 

Protected Mode Only: 

Via interrupt or trap gate to same privilege level 7,8,12,13,19 

Via interrupt or trap gate to fit different privilege 7,8,12,13,19 

level 

Via Task Gate dace 

IRET = Interrupt return 24 8,10,12,13,16,19 

1100111 

Protected Mode Only: 

To different privilege level 8,10,12,13,16,19 

To different task (NT = 1) 8,10,12,13,19 
26 6,8,10,12,13,19 


BOUND = Detect value out of range 
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Processor Control 


FUNCTION 
FORMAT 


COMMENTS 


Real 
Address 
Mode 


Protected 
Virtual 
Address 
Mode 


CLC = Clear carry 


11111000 


CMC = Complement carry 
11110101 


CLD = Clear direction 
11111100 


STD = Set direction 
11111101 


CLI = Clear interrupt 
11111010 


STI = Set interrupt 


PSERREI RES 


HLT = Halt 


4 


WAIT = Wait 


LOCK = Bus lock prefix 
11110000 


‘TS = Clear task switched flag 


Cc 
0 0001111J]00000110 


= Processor Extension Escape 


ESC 
11011TTT| mod LLL r/m 


(PTT LLL are opcode to processor extension) 


5.8, 


8,18 


SEG = Segment Override Prefix 
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COMMENTS 
Real Protected 
FUNCTION Address Virtual 
FORMAT Mode Address 
Mode 
LGDT = Load global descriptor table register 23 10,14 
0.0001111[00000001|mod 010 r/m 
SGDT = Store global descriptor table register 2,3 10 
[00001111]00000001|mod000 r/m 
= —_ 
LIDT = Load interrupt descriptor table register 23 10,14 
(00001111]00000001|mod 011 r/m 
SIDT = Store interrupt descriptor table register 23 10 
(00001111100000001;mod001 | 
1 
LLDT = Load local descriptor table register from 1 10,12,14 
register memory 
[0.0001111100000000|mod 010 r/m 
SLDT = Store local descriptor table register to 1 10 
register memory 
0.0001111[00000000|mod 000 r/m 
LTR = Load task register from register/memory T 10,1214 
0.0001111100000000{mod 011 r/m 
STR = Store task register to register memory r 10 
0.0001111100000000|mod 001 r/m 
LMSW = Load machine status word from 23 10,14 
register/memory 
0.0001111J00000001|mod110 r/m 
SMSW = Store machine status word 23 7 
0.000111100000001{mod 100 r/m | 
LAR = Load access rights from register/memory 1 10,12,17 
0.00011110000001 0|mod reg _r/m 
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= COMMENTS 3) 
Real | Protected 
FUNCTION Address Virtual 
FORMAT Mode | Address 
Mode 
LSL = Load segment limit from register/memory I 10,12,17 
90001111/00000011)mod reg __r/m 
ARPL = Adjust requested privilege level: from 2 310 
register/memory 
01100011) mod reg r/m 
VERR = Verify read access: register/memory 7 10,1217 
[0.0001111[00000000{mod 100 r/m 
VERR = Verify write access: 1 10,1217 
[0.0001111100000000|mod101 r/m) 
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Instruction Set Summary Notes 


if d= 1 then to register; if d = 0 then from register. 
if w = 1 then word instruction; if w = 0 then byte instruction. 
if Ss 0 then 16-bit immediate data form the operand. 
ifs = 1 then an immediate data byte is sign-extended to form the 
16-bit operand. 
x don’t care. 
Zz used for string primitives for comparison with ZF FLAG 


If two clock counts are given, the smaller refers to a register 
operand and the larger refers to a memory operand. 


= add one clock if offset calculation requires summing 3 


elements 
n= number of times repeated 
m= _ number of bytes of code in next instruction 


Level (L) — Lexical nesting level of the procedure 


The following comments describe possible exceptions, side effects, 
and allowed usage for instructions in both operating modes of the 
Intel 80286. 


Real Address Mode Only 


1 This is a protected mode instruction. Attempted execution in 
real address mode will result in an undefined opcode 
exception (6). 


2 > A-segment overrun exception (13) will occur if a word 
operand reference at offset FFFF hex is attempted. 


3 This instruction may be executed in real address mode to 
initialize the CPU for protected mode. 
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4 
5 


The IOPL and NT fields will remain 0. 


Processor extension segment overrun interrupt (9) will occur 
if the operand exceeds the segment limit. 


Either Mode 


6 


8 


An exception may occur, depending on the value of the 
operand. 


-LOCK is automatically asserted regardless of the presence 
or absence of the LOCK instruction prefix. 


-LOCK does not remain active between all operand transfers. 


Protected Virtual Address Model Only 


9 
10 


11 


12 


This instruction is not available in 82, 86 system. 


A general protection exception (13) will occur if the memory 
operand can not be used due to either a segment limit or 
access rights violation. If a stack segment limit is violated, a 
stack segment overrun exception (12) occurs. 


For segment load operations, the CPL, RPL, and DPL must 
agree with privilege rules to avoid an exception. The segment 
must be present to avoid a not-present exception (11). If the 
SS register is the destination, and a segment not-present 
violation occurs, a stack exception (12) occurs. 


All segment descriptor accesses in the GDT or LDT made by 
this instruction will automatically assert -LOCK to maintain 
descriptor integrity in multiprocessor systems. 
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13 


14 
15 
16 


17 


18 


19 


A-16 


JMP, CALL, INT, RET, IRET instructions referring to 
another code segment will cause a general protection 
exception (18) if any privilege rule is violated. 


A general protection exception (13) occurs if CPL # 0. 
A general protection exception (13) occurs if CPL > IOPL. 


The IF field of the flag word is not updated if CPL > IOPL. 
The IOPL field is updated only if CPL = 0. 


Any violation of privilege rules as applied to the selector 
operand do not cause a protection exception; rather, the 
instruction does not return a result and the zero flag is 
cleared. 


If the starting address of the memory operand violates a 
segment limit, or an invalid access is attempted, a general 
protection exception (13) will occur before the ESC 
instruction is executed. A stack segment overrun exception 
(12) will occur if the stack limit is violated by the operand’s 
starting address. If a segment limit is violated during an 
attempted data transfer then a processor extension segment 
overrun exception (9) occurs. 


The destination of an INT, JMP, CALL, RET or IRET 
instruction must be in the defined limit of a code segment or 
a general protection exception (18) will occur. 
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To the programmer, the NPX appears as a set of additional 
registers complementing those of the CPU. These additional 
registers consist of 


@ Eight individually-addressable 80-bit numeric registers, 
organized as a register stack 


@ Three sixteen-bit registers containing: 
an NPX status word 
an NPX control word 
a tag word 


@ Four 16-bit registers containing the NPX instruction and data 
pointers 


All of the NPX numeric instructions focus on the contents of these 
NPX registers. 


The NPX Register Stack 


The NPX register stack is shown in Figure A-11. Each of the eight 
numeric registers in the NPX’s register stack is 80 bits wide and is 
divided into fields corresponding to the NPX’s temporary-real data 


type. 


Numeric instructions address the data registers relative to the 
register on the top of the stack. At any point in time, this top-of- 
stack register is indicated by the ST (Stack Top) field in the NPX 
status word. Load or push operations decrement ST by one and 
load a value into the new top register. A store-and-pop operation 
stores the value from the current ST register and then increments 
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ST by one. Like 20286 stacks in memory, the NPX register stack 
grows down toward lower-addressed registers. 


Many numeric instructions have several addressing modes that 
permit the programmer to implicitly operate on the top of the 
stack, or to explicitly operate on specific registers relative to the 
ST. The ASM286 Assembler supports these register addressing 
modes, using the expression ST(0), or simply ST, to represent the 
current Stack Top and ST(i) to specify the ith register from ST in 
the stack (0 <i < 7). For example, if ST contains 011B (register 3 
is the top of the stack), the following statement would add the 
contents of the top two registers on the stack (registers 3 and 5): 


FADD ST,ST(2) 


The stack organization and top-relative addressing of the numeric 
registers simplify subroutine programming by allowing routines to 
pass parameters on the register stack. By using the stack to pass 
parameters rather than using “dedicated” registers, calling 
routines gain more flexibility in how they use the stack. As long 
as the stack is not full, each routine simply loads the parameters 
onto the stack before calling a particular subroutine to perform a 
numeric calculation. The subroutine then addresses its parameters 
as ST, ST(1), etc., even though ST may, for example, refer to 
physical register 3 in one invocation and physical register 5 in 
another. 
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Figure A-11. NPX Register Set 
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The NPX Status Word 


The 16-bit status word shown in Figure A-12 reflects the overall 
state of the NPX. This status word may be stored into memory 
using the FSTSW/FNSTSW, FSTENV/FNSTENV, and 
FSAVE/FNSAVE instructions, and can be transferred into the 
CPU AX register with the FSTSW AX/FNSTSW AX instructions, 
allowing the NPX status to be inspected by the CPU. 


The Busy bit (bit 15) and the -BUSY pin indicate whether the 
NPX’s execution unit is idle (B=0) or is executing a numeric 
instruction or signalling an exception (B=1). (The instructions 
FNSTSW, FNSTSW AX, FNSTENV, and FNSAVE do not set the 
Busy bit themselves, nor do they require the Busy bit to be clear in 
order to execute.) 


The four NPX condition code bits (Cy-C3) are similar to the flags 
in a CPU: the NPX updates these bits to reflect the outcome of 
arithmetic operations. The effect of these instructions on the 
condition code bits is summarized in the table that follows. These 
condition code bits are used principally for conditional branching. 
The FSTSWAX instruction stores the NPX status word directly 
into the CPU AX register, allowing these condition codes to be 
inspected efficiently by CPU code. 


Bits 12-14 of the status word point to the NPX register that is the 
current Stack Top (ST). The significance of the stack top has been 
described in the section on the Register Stack. 
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Interpreting the NPX Condition Codes 


Instruction 
LType 


Interpretation 


Compare, Test 


ST > Source or 0 (FTST) 
ST < Source or 0 (FTST) 
ST = Source or 0 (FTST) 
ST is not comparable 


Remainder Q 


Complete reduction with three 
low bits of quotient in Cy, Cy, 
and C, 

Incomplete Reduction 


Examine 


Hee RH HHH COCO C Coola 
Hee Hr OCC OHH HEH OOo Ol} 
BH HOoOKH COPE CORKS Ol 


Valid, positive unnormalized 
Invalid, positive, exponent = 0 
Valid, negative, unnormalized 
Invalid, negative, exponent = 0 
Valid, positive, normalized 
Infinity, positive 

Valid, negative, normalized 
Infinity, negative 

Zero, positive 

Empty Register 

Zero, negative 

Empty Register 

Invalid, positive, exponent = 0 
Empty Register 

Invalid, negative, exponent = 0 
Empty Register 


Notes: 


ST = Top of stack 
X = value is not affected by instruction 


pepe 


Q, = Quotient bit n following complete 
reduction (C, = 0) 


U = value is undefined following instruction 
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(1 = EXCEPTION 
HAS OCCURRED) 
INVALID OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
(RESERVED) 
ERROR SUMMARY STATUS (1) 
CONDITION CODE (2) 
STACK TOP POINTER (3) 
NEU BUSY 


(1) ES IS SET IF ANY UNMASKED EXCEPTION BIT IS SET, CLEARED 
OTHERWISE . 

(2) SEE TABLE FOR CONDITION CODE INTERPRETATION. 

(3) ST VALUES 
000 = REGISTER O IS TOP OF STACK 
001 = REGISTER 1 IS TOP OF STACK 


441 = REGISTER 7 IS TOP OF STACK 


Figure A-12. NPX Status Word 


Figure A-12 shows the six error flags in bits 0-5 of the status 
word. Bit 7 is the error summary status (ES) bit. ES is set if any 
unmasked exception bits are set, and is cleared otherwise. If this 
pit is set, the -ERROR signal is asserted. Bits 0-5 indicate 
whether the NPX has detected one of six possible exception 
conditions since these status bits were last cleared or reset. 
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The NPX provides the programmer with several processing 
options, which are selected by loading a word from memory into 
the control word. Figure A-13 shows the format and encoding of 
the fields in the control word. 


The low-order byte of this control word configures the NPX error 
and exception masking. Bits 0-5 of the control word contain 
individual masks for each of the six exception conditions 
recognized by the NPX. The high-order byte of the control word 
configures the NPX processing options, including 


@ Precision control 
@ Rounding control 
@ Infinity control 


The Precision control bits (bits 8-9) can be used to set the NPX 
internal operating precision at less than the default precision (64- 
bit significand). These control bits can be used to provide 
compatibility with the earlier-generation arithmetic processors 
having less precision than the NPX, as required by the IEEE 754 
standard. Setting a lower precision, however, will not affect the 
execution time of numeric calculations. 


———————————— 
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EXCEPTION MASKS 
(1 = EXCEPTION 
IS MASKED) 


INVALIO OPERATION 
DENORMALIZED OPERAND 
ZERO DIVIDE 
OVERFLOW 
UNDERFLOW 
PRECISION 
(RESERVED) 

(RESERVED) 

PRECISION CONTROL (1) 
{_{_____ ROUNDING CONTROL (2) 
(RESERVED) 


INFINITITY CONTROL 
(O = PROJECTIVE, 


1 = AFFINE) 
(1) PRECISION CONTROL (2) ROUNDING CONTROL 
00 = 24-BIT SIGNIFICAND 00 = ROUND TO NEAREST OR EVEN 
RESERVED 01 = ROUND DOWN (TOWARD -«) 
53-BIT SIGNIFICAND 10 = ROUND UP (TOWARD +=) 
11 = 64-BIT SIGNIFICAND 11 = CHOP (TRUNCATE TOWARD ZERO) 


Figure A-13. NPX Control Word Format 


The rounding control bits (bits 10-11) provide for directed rounding 
and true chop as well as the unbiased round-to-nearest-even mode 
specified in the IEEE 754 standard. 


The infinity control bit (bit 12) determines the manner in which 
the 80287 treats the special values of infinity. Either affine 
closure (where positive infinity is distinct from negative infinity) 
or projective closure (infinity is treated as a single unsigned 
quantity) may be specified. These two alternative views of infinity 
are discussed in the section on Computation Fundamentals. 
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The NPX Tag Word 


The tag word indicates the contents of each register in the register 
stack, as shown in Figure A-14. The tag word is used by the NPX 
itself in order to track its numeric registers and optimize 
performance. Programmers may use this tag information to 
interpret the contents of the numeric registers. The tag values are 
stored in the tag word corresponding to the physical registers 0-7. 
Programmers must use the current Stack Top (ST) pointer stored 
in the NPX status word to associate these tag values with the 
relative stack registers ST(0) through ST(7). 


15 te) 


| TAG(7) | TAG(6) TAG(5) TAG(4) | TAG(3) | TAG(2) | TAG(1) | TAG(O) 


TAG VALUES: 

00 = VALID 

01 = ZERO 

10 = INVALID OR INFINITY 
11 = EMPTY 


Figure A-14,. NPX Tag Word Format 
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The NPX Instruction and Data Pointers 


The NPX instruction and data registers provide support for 
programmed exception-handlers. Whenever the NPX executes a 
math instruction, the NPX internally saves the instruction address, 
the operand address (if present), and the instruction opcode. The 
NPX FSTENV and FSAVE instructions store this data into 
memory, allowing exception handlers to determine the precise 
nature of any numeric exceptions that may be encountered. 


When stored in memory, the instruction and data pointers appear 
in one of two formats, depending on the operating mode of the 
NPX. Figure A-15 shows these pointers as they are stored 
following an FSTENV instruction. In Real-Address mode, these 
values are the 20-bit physical address and 11-bit opcode formatted 
like the NPX. In Protected mode, these values are the 32-bit 
virtual addresses used by the program that executed the ESC 
instruction. 


The instruction address saved in the NPX will point to any 
prefixes that preceded the instruction. This is different from the 
NPX, for which the instruction address pointed only to the ESC 
instruction opcode. 
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(3-16) 
15 1e4t 0 
REAL MODE PROTECTED MODE 


Figure A-15. NPX Instruction and Data Pointer Image in 


Memory 
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Data Types and Formats 


The NPX recognizes seven numeric data types, divided into three 
classes: binary integers, packed decimal integers, and binary reals. 
A later section describes how these formats are stored in memory 
(the sign is always located in the highest-addressed byte). Figure 
A-16 summarizes the format of each data type. In the figure, the 
most significant digits of all numbers (and fields within numbers) 
are the leftmost digits. The following table provides the range and 


number of significant (decimal) digits that each format can 
accommodate. 


Real Number Notation 
Notation Value 

Ordinary Decimal _| 178.125 

Scientific Decimal | 1,78125E2 


Scientific Binary 1,,0110010001 E111 


Scientific Binary 1,y0110010001E10000110 
(Biased Exponent) 
Intel 80287 Short Sign | Biased Exponent | Significand 
real (Normalized) 


0 10000110 401100100010000000000000 
1 ,(implicit) 
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woRD 
INTEGER 


SHORT 
INTEGER 


LONG 
INTEGER 


PACKED 
DECTRAL 


‘SHORT 
REAL 


LONG 
REAL 


TEMPORARY 
REAL 


<4 INCREASING SIGNIFICANCE 


S} MAGNITUDE (Two's 
COMPLEMENT) 
a 3 
‘S| MAGNITI (TWO'S 
zie COMPLEMENT) 
a - 
s| MAGNITUDE. (Two's: 
recent 
es - 
qx 
Pernod toy 45) 60) 87) 65) €5) Gu) Ca) da ao 
ae 5 
—_ 
sf SUSE] stowtrreano 
a tak oe 
BIASED 
ae naira 
ay 3 
aT 
a 
= ae 7 
hates 
ye veita Sir igo ousttivesd oa Meat) 
dn DECIMAL DIGIT (TWO PER BYTE) 
BEY ANGE otOnt EGE Tok RET sees Lnibbiey Tete we att 
i. “petrind oe Wetient eile ais 


INTEGER BIT OF SIGNIFICAND: STORED IN TEMPORARY REAL, 
IMPLICIT (ALWAYS 1) IN SHORT ANO LONG REAL 


EXPONENT BIAS (NORMALIZED VALUES) = 
‘SHORT REAL: 127 (7F HEX) 
LONG REAL: 1023 (3FF HEX) 
TEMPORARY REAL: 16383 (SFFF HEX) 


Figure A-16. Data Formats 
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Instruction Set 


The Intel 80287 instructions are divided into six functional classes: 


@ Data Transfer instructions 
@ Arithmetic instructions 

@ Comparison instructions 

@ Transcendental instructions 
@ Constant instructions 


@ Processor Control instructions 


Data Transfer Instructions 


These instructions move operands among elements of the register 
stack, and between the stack top and memory. Any of the seven 
data types can be converted to temporary real and loaded (pushed) 
onto the stack in a single operation; they can be stored to memory 
in the same manner. The data transfer instructions automatically 
update the NPX tag word to reflect the register contents following 


the instruction. 
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Real Transfers 


FLD source (load real) 


FLD loads (pushes) the source operand onto the top of the register 
stack. This is done by decrementing the stack pointer by one and 
then copying the content of the source to the new stack top. The 
Source may be a register on the stack (ST(i)) or any of the real 
data types in memory. Short and long real source operands are 
converted to temporary real automatically. Coding FLD ST(0) 
duplicates the stack top. 


FST destination (store real) 


FST transfers the stack top to the destination, which may be 
another register on the stack or a short or long real memory 
operand. If the destination is short or long real, the significand is 
rounded to the width of the destination according to the RC field 
of the control word, and the exponent is converted to the width 
and bias of the destination format. 


If, however, the stack top is tagged special (it contains oo, a NaN, 
or a denormal) then the stack top’s significand is not rounded but 
is chopped (on the right) to fit the destination. Neither is the 
exponent converted, but it also is chopped on the right and 
transferred “as is.” This preserves the value’s identification as oo 
of a NaN (exponent all ones) or a denormal (exponent all zeros) so 
that it can be properly loaded and tagged later in the program if 
desired. 


Intel 80287 Architecture ca 


Appendix 


See 


FSTP destination (store real and pop) 


FSTP operates identically to FST except that the stack is popped 
following the transfer. This is done by tagging the top stack 
element empty and then incrementing ST. FSTP permits storing 
to a temporary real memory variable, whereas FST does not. 
Coding FSTP ST(0) is equivalent to popping the stack with no data 
transfer. 


FXCH destination (exchange registers) 


FXCH swaps the contents of the destination and the stack top 
registers. If the destination is not coded explicitly, ST(1) is used. 
Many NPX instructions operate only on the stack top; FXCH 
provides a simple means of effectively using these instructions on 
lower stack elements. For example, the following sequence takes 
the square root of the third register from the top: 


FXCH ST(3) 
FSQRT 
FXCH ST(3) 


Integer Transfers 


FILD source (integer load) 


FILD converts the source memory operand from its binary integer 
format (word, short, or long) to temporary real and loads (pushes) 
the result onto the stack the (new) stack top is tagged zero if all 
bits in the source were zero, and is tagged valid otherwise. 
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FIST destination (integer store) 


FIST rounds the content of the stack top to an integer according to 
the RC field of the control word and transfers the result to the 
destination. The destination may define a word or short integer 
variable. Negative zero is stored in the same encoding as positive 
zero: 0000...00. 


FISTP destination (integer and pop) 


FISTP (integer and pop) operates like FIST and also pops the 
stack following the transfer. The destination may be any of the 
binary integer data types. 


Packed Decimal Transfers 


FBLD source [packed decimal (BCD) load} 


FBLD converts the content of the source operand from packed 
decimal to temporary real and loads (pushes) the result onto the 
stack. The sign of the source is preserved, including the case 
where the value is negative zero. FBLD is an exact operation; the 
source is loaded with no rounding error. 


The packed decimal digits of the source are assumed to be in the 
range 0-9H. The instruction does not check for invalid digits (A- 
FH) and the result of attempting to load an invalid encoding is 
undefined. 
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FBSTP destination [packed decimal (BCD) store and pop] 


FBSTP converts the content of the stack top to a packed decimal 
integer, stores the result at the destination in memory, and pops 
the stack. FBSTP produces a rounded integer from a nonintegral 
value by adding 0.5 to the value and then chopping. Users who are 
concerned about rounding may precede FBSTP with FRNDINT. 


Arithmetic Instructions 


Addition 


FADD source/destination, source (Add real) 
FADDP destination/source (Add real and pop) 
FIADD source (Integer add) 


The addition instructions (add real, add real and pop, integer add) 
add the source and destination operands and return the sum to the 
destination. The operand at the stack top may be doubled by 
coding: 


FADD ST,ST(0) 


Normal Subtraction 


FSUB source/destination, source (Subtract real) 
FSUBP destination/source (Subtract real and pop) 
FISUB source (Integer subtract) 


The normal subtraction instructions (subtract real, subtract real 
and pop, integer subtract) subtract the source operand from the 
destination and return the difference to the destination. 
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FSUBR source/destination, source (Subtract real reversed) 
FSUBRP destination/source (Subtract real reversed and pop) 
FISUBR source (Integer subtract reversed) 


The reversed subtraction instructions (subtract real reversed, 
subtract real reversed and pop, integer subtract reversed) subtract 
the destination from the source and return the difference to the 
destination. 


Multiplication 


FMUL source/destination, source (Multiply real) 
FMULP destination/source (Multiply real and pop) 
FIMUL source (Integer multiply) 


The multiplication instructions (multiply real, multiply real and 
pop, integer multiply) multiply the source and destination 
operands and return the product to the destination. Coding FMUL 
ST,ST(0) squares the content of the stack top. 


Normal Division 


FDIV source/destination, source (Divide real) 
FDIVP destination/source (Divide real and pop) 
FIDIV source (Integer divide) 


The normal division instructions (divide real, divide real and pop, 
integer divide) divide the destination by the source and return the 
quotient to the destination. 
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Reversed Division 


FDIVR source/destination, source (Divide real reversed) 
FDIVRP destination/source (Divide real reversed and pop) 
FIDIVR source (Integer divide reversed) 


The reversed division instructions (divided real reversed, divide 
real reversed and pop, integer divide reversed) divide the source 
operand by the destination and return the quotient to the 
destination. 


Miscellaneous Operations 


FSQRT (Square root) 


FSQRT replaces the content of the top stack element with its 
square root. 


Note: The square route of -0 is defined to be -0. 


FSCALE (Scale) 


FSCALE interprets the value contained in ST(1) as an integer and 
adds this value to the exponent of the number in ST. This is 
equivalent to 


ST — ST « 287) 


Thus, FSCALE provides rapid multiplication or division by 
integral powers of 2. It is particularly useful for scaling the 
elements of a vector. 


Note that FSCALE assumes the scale factor in ST(1) is an integral 
value in the range -2!5<X<2l5. If the value is not integral, but is 
in-range and is greater in magnitude than 1, FSCALE uses the 


‘A-96 Intel 80287 Architecture 


Appendix 
enix: 


nearest integer smaller in magnitude; i.e., it chops the value 
toward 0. If the value is out of range, or 0 <|X|<1, the 
instruction will produce an undefined result and will not signal an 
exception. The recommended practice is to load the scale factor 
from a word integer to ensure correct operation. 


FPREM (Partial remainder) 


FPREM performs modulo division of the top stack element by the 
next stack element, i.e., ST(1) is the modulus. FPREM produces an 
exact result; the precision exception does not occur. The signal of 
the remainder is the same as the sign of the original dividend. 


FPREM operates by performing successive scaled subtractions; 
obtaining the exact remainder when the operands differ greatly in 
magnitude can consume large amounts of execution time. Because 
the NPX can only be preempted between instructions, the 
remainder function could seriously increase interrupt latency in 
these cases. Accordingly, the instruction is designed to be executed 
iteratively in a software-controlled loop. 


FPREM can reduce a magnitude difference of up to 264 in one 
execution. If FPREM produces a remainder that is less than the 
modulus, the function is complete and bit C2 of the status word 
condition code is cleared. If the function is incomplete, C2 is set to 
1; the result in ST is then called the partial remainder. Software 
can inspect C2 by storing the status word following execution of 
FPREM and re-execute the instruction (using the partial 
remainder in ST as the dividend), until C2 is cleared. 
Alternatively, a program can determine when the function is 
complete by comparing ST to ST(1). If ST>ST(1), then FPREM 
must be executed again; if ST=ST(1), then the remainder is 0; if 
ST<ST(1), then the remainder is ST. A higher priority 
interrupting routine that needs the NPX can force a context switch 
between the instructions in the remainder loop. 


An important use for FPREM is to reduce arguments (operands) of 
periodic transcendental functions to the range permitted by these 
instructions. For example, the FPTAN (tangent) instruction 
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requires its argument to be less than /4 as a modulus, FPREM 
will reduce an argument so that it is in range of FPTAN. Because 
FPREM produces an exact result, the argument reduction does not 
introduce roundoff error into the calculation, even if several 
iterations are required to bring the argument into range. (The 


rounding of x does not create the effect of a rounded argument, 
but of a rounded period.) 


FPREM also provides the least-significant three bits of the 
quotient generated by FPREM (in Cy, C,, Cy). This is also 
important for transcendental argument reduction, because it 
locates the original angle in the correct one of eight /4 segments 
of the unit circle. If the quotient is less than 4, then CO will be the 
value of C3 before FPREM was executed. If the quotient is less 
than 2, then C3 will be the value of C1 before FPREM was 
executed. See the following table. 
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Condition Code 


Interpretation after FPREM 


4 


1 | X | X | Incomplete Reduction; 
further iteration is required 
for complete reduction. 

Complete Reduction; 
Cl, C3, and CO contain the 
three least-significant bits of 
quotient: 

0 | 0 | 0 | (Quotient) MoD 8 =o 

o | o | 1 | (Quotient) MODs =4 

0 | 1 | © | (Quotient) MOD 8 =1 

o | 1 | 1 | (Quotient) Mops =5 

0 | 0 | 0 | (Quotient) MOD 8 = 2 

0 | 0 | 1 | (Quotient) MoD 8 =6 


0 1 0 | (Quotient) MOD 8 = 3 


0 x z (Quotient) MOD 8 = 7 


FRNDINT (Round to integer) 


FRNDINT rounds the top stack element to an integer. For 
example, assume that ST contains the NPX real number encoding 
of the decimal value 155.625. FRNDINT will change the value to 
155 if the RC field of the control word is set to down or chop, or to 
156 if it is set to up or nearest. 
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FXTRACT (Extract exponent and significand) 


FXTRACT “decomposes” the number in the stack top into two 
numbers that represent the actual value of the operand’s exponent 
and significand fields. The “exponent” replaces the original 
operand on the stack and the “significand” is pushed onto the 
stack. Following execution of FXTRACT, ST (the new stack top) 
contains the value of the original significand expressed as a real 
number: its sign is the same as the operand’s, its exponent is 0 
true (16,383 or 3FFFH biased), and its significand is identical to 
the original operand’s. ST(1) contains the value of the original 
operand’s true (unbiased) exponent expressed as a real number. If 
the original operand is zero, FXTRACT produces zeros in ST and 
ST(1) and both are signed as the original operand. 


To clarify the operation of FXTRACT, assume ST contains a 
number of whose true exponent is +4 (i.e., its exponent field 
contains 4003H). After executing FXTRACT, ST(1) will contain 
the real number +4.0; its sign will be positive, its exponent field 
will contain 4001H (+2 true) and its significand field will contain 
1,,00...00B. In other words, the value in ST(1) will be 1.0 x 2= 4. 
If ST contains an operand whose true exponent is -7 (i.e., its 
exponent field contains 3FF8H), then FXTRACT will return an 
“exponent” of -7.0; after the instruction executes, ST(1)’s sign and 
exponent fields will contain CO01H (negative sign, true exponent of 
2), and its significand will be 1,1100...00B. In other words, the 
value in ST(1) will be -1.11 x 2? = -7.0. In both cases, following 
FXTRACT, ST’s sign and significand fields will be the same as the 
original operand’s, and its exponent field will contain 3FFFH (0 
true). 


FXTRACT is useful in conjunction with FBSTP for converting 
numbers in NPX temporary real format to decimal representations 
(eg. for printing or displaying). It can also be useful for 
debugging, because it allows the exponent and significant parts of 
a real number to be examined separately. 
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FABS (Absolute value) 


FABS changes the top stack element to its absolute value by 
making its sign positive. 


FCHS (Change sign) 


FCHS complements (reverses) the sign of the top stack element. 


Comparison, Transcendental, Constant, and 
Processor Control Instructions 


Each of these instructions analyzes the top stack element, often in 
relationship to another operand, and reports the result in the 
status word condition code. The basic operations are compare, test 
(compare with zero), and examine (report tag, sign, and 
normalization). Special forms of the compare operation are 
provided to optimize algorithms by allowing direct comparisons 
with binary integers and real numbers in memory, as well as 
popping the stack after a comparison. 


The FSTSW (store status word) instruction may be used following 
a comparison to transfer the condition code to memory for 
inspection. 


Comparison 


FCOM source (compare real) 


FCOM compares the stack top to the source operand. The source 
operand may be a register on the stack, or a short or long real 
memory operand. If an operand is not coded, ST is compared to 
ST(1). Positive and negative forms of zero compare identically as 
if they were unsigned. Following the instruction, the condition 
codes reflect the order of the operands as shown in the following 


table. 
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NaNs and co (projective) cannot be compared and return C3=C0=1 
as shown in the table. 


Condition Code Interpretation after FCOM 
Condition Code 
C3 | C2 | C1 | co 


Interpretation after FCOM 


ST > source 
ST < source 
ST = source 
ST is not comparable 


HHoo 


0 
0 
0 
1 


Dd Bd Od 
HoKe 


FCOMP source (compare real and pop) 
FCOMP operates like FCOM, and in addition pops the stack. 
FCOMPP (compare real and pop twice) 


FCOMPP operates like FCOM and additionally pops the stack 
twice, discarding both operands. The comparison is of the stack 
top to ST(1); no operands may be explicitly coded. 


FICOM source (integer compare) 


FICOM converts the source operand, which may reference a word 
or short binary integer variable, to temporary real and compares 


the stack top to it. 
FICOMP source (integer compare and pop) 


FICOMP operates identically to FICOM and additionally discards 
the value in ST by popping the stack. 
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FTST (test) 
FTST tests the top stack element by comparing it to zero. The 


Ene is posted to the condition codes as shown in the following 
able. 


Condition Code Interpretation after FTST 
Condition Code 


Interpretation after FTST 


0 x 0 ST>0 
0 x +4 sT<0 
0 x i) ST=0 
1 1 1 | ST is not comparable; (i.e., it 


is a NaN or projective 
infinity) 


FXAM (examine) 


FXAM reports the content of the top stack element as 
positive/negative and NaN/unnormal/denormal/normal/zero, or 
empty. The following table lists and interprets all the condition 
code values that FXAM generates. Although four different 
encodings may be returned for an empty register, bits C3 and CO of 
the condition code are both 1 in all encodings. Bits C2 and C1 
should be ignored when examining for empty. 
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FXAM Condition Code Settings | 


Condition Code : 
Interpretation 

c3 | c2 [ci | co 

0 | 0 | 0 | 0 | + Unnormal 
o | o} 0] 1 | +Nan 

o | o | 1 | o | -Unnormal 
o|o] x]. |-Nan 

0 | 1 | 0 | o | +Normal 
o}i1}ofi1f+« 

o} 1] 1 | 0 | -Normal 

0 1 + 1 -2 

1 0 0 0 +0 

1} 0 | o | 1 | Empty 

1 0 1 0 -0 

1 0 1 1 Empty 

1 1 0 0 + Denormal 

1 1 0 1 Empty 

a Z : 0 - Denormal 

1 1 1 1 Empty 

Transcendental 


The instructions in this group perform the time-consuming core 
calculations for all common trigonometric, inverse trigonometric, 
hyperbolic, inverse hyperbolic, logarithmic, and exponential 
functions. Prologue and epilogue software may be used to reduce 
arguments to the range accepted by the instructions and to adjust 
the result to correspond to the original arguments if necessary. 
The transcendentals operate on the top one or two stack elements, 
and they return their results to the stack, also. 


All operands to a transcendental must be normalized; denormals, 
unnormals, infinities, and NaNs are considered invalid. (Zero 
operands are accepted by some functions and are considered out- 
of-range by others). If a transcendental operand is invalid or out- 
of-range, the instruction will produce an undefined result without 
signaling an exception. It is the programmer’s responsibility to 
ensure that operands are valid and in-range before executing a 
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transcendental. For periodic functions, FPREM may be used to 
bring a valid operand into range. 


FPTAN 
0 < ST(0) < x/4 (partial tangent) 


FPTAN computes the function Y/X = TAN (8). @is taken from 
the top stack element; it must lie in the range 0 = @ < x/4. The 
result of the operation is a ratio; Y replaces @ in the stack and X 
is pushed, becoming the new stack top. 


The ratio result of FPTAN and the ratio argument of FPATAN 
are designed to optimize the calculation of the other trigonometric 
functions, including SIN, COS, ARCSIN, and ARCCOS. These can 
be derived from TAN and ARCTAN via standard trigonometric 
identities. 


FPATAN 
0 <ST(1) < ST(0) < x (partial arctangent) 


FPATAN computes the function @ = ARCTAN (Y/X). X is taken 
from the top stack element and Y from ST(1). Y and X must 
observe the inequality 0 < Y < X < o. The instruction pops the 
stack and returns M@ to the (new) stack top, overwriting the Y 
operand. 


F2XM1 
0 <ST(0) 50.5 


F2XM1 (2 to the X minus 1) calculates the function Y = 2X -1. Xis 
taken from the stack top and must be in the range 0 < X < 0.5. 
The result Y replaces X at the stack top. 


This instruction is designed to produce a very accurate result even 
when X is close to 0. To obtain y=2%, add 1 to the result delivered 
by F2XM1. 
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The following formulas show how values other than 2 may be 
raised to a power of X: 


10% = 2XeL0G,10 
eX = 2XeL0G,¢ 
y* = QXeLOGoy 


As shown in the next section, the NPX has built-in instructions for 
loading the constants LOG,10 and LOG,e, and the FYL2X 
instruction may be used to calculate XeLOG.Y. 


FYL2X 
0 < ST(0) < x-x <ST(1)<x 


FYL2xX (Y log base 2 of X) calculates the function Z = YeLOG,X. 
X is taken from the stack top and Y from ST(1). The operands 
must be in the ranges 0 < X < o and- 0 <Y<+o. The 
instruction pops the stack and returns Z at the (new) stack top, 
replacing the Y operand. 


This function optimizes the calculations of log to any base other 
than two, because a multiplication is always required: 


LOG, 20L0G,X 


FYL2XP1 
0 < |ST(0)| < (1-(y2/2)) 
-x <ST(l) <x 


FYL2XP1 [Y log base 2 of (X + 1)] calculates the function Z = 
YeLOG, (X+1). X is taken from the stack top and must be in the 
range 0. ‘< [Xl < [1-(y2/2)]. Y is taken from ST(1) and must be in 
the range - 0 < Y < o. FYL2XP1 pops the stack and returns Z 
at the (new) stack top, replacing Y. 


The instruction provides improved accuracy over FYL2X when 
computing the log of a number very close to 1, for example 1 + ¢ 
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phets e< <1. Providing « rather than 1 + ¢ as the input to the 
Unction allows more significant digits to be retained. 


Constant 


Each of these instructions loads (pushes) a commonly-used 
constant onto the stack. The values have full temporary real 
precision (64 bits) and are accurate to approximately 19 decimal 
digits. Because a temporary real constant occupies 10 memory 
bytes, the constant instructions, which are only two bytes long, 
save storage and improve execution speed, in addition to 
simplifying programming. 


FLDZ (load zero) 

FLDZ loads (pushes) +0.0 onto the stack. 

FLD1 (load one) 

FLD1 loads (pushes) +1.0 onto the stack. 

FLDPI (load =) 

FLDPI loads (pushes) = onto the stack. 

FLDL2T (load log base 2 of 10) 

FLDL2T loads (pushes) the value LOG,10 onto the stack. 
FLDL2E (load log base 2 of e) 


FLDL2E loads (pushes) the value LOGge onto the stack. 
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FLDLG2 (load log base 10 of 2) 
FLDLG2 loads (pushes) the value LOG,,2 onto the stack. 
FLDLN2 (load log base e of 2) 


FLDLNz2 loads (pushes) the value LOG,2 onto the stack. 


Processor Control 


The processor control instructions are not typically used in 
calculations; they provide control over the NPX for system-level 
activities. These activities include initialization, exception 
handling, and task switching. 


Many of the NPX processor control instructions have two forms of 
assembler mnemonic: 


@ A wait form, where the mnemonic is prefixed only with an F, 
such as FSTSW. This form checks for unmasked numeric 
errors. 


e@ A no-wait form, where the mnemonic is prefixed with an FN, 
such as FNSTSW. This form ignores unmasked numeric 
errors. 


When the control instruction is coded using the no-wait form of 
the mnemonic, the ASM286 assembler does not precede the ESC 
instruction with a wait instruction, and the CPU does not test the 
-ERROR status line from the NPX before executing the processor 
control instruction. 


Only the processor control class of instructions have this alternate 
no-wait form. All numeric instructions are automatically 
synchronized by the CPU, with the CPU testing the -BUSY status 
line and only executing the numeric instruction when this line is 
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inactive. Because of this automatic synchronization by the CPU, 
numeric instructions for the NPX need not be preceded by a CPU 
wait instruction in order to execute correctly. 


It should also be noted that the 8087 instructions FENI and FDISI 
perform no function in the NPX. If these opcodes are detected in 
an CPU/NPX instruction stream, the NPX will perform no specific 
operation and no internal states will be affected. For 
programmers interested in porting numeric software from Intel 
8086 or Intel 8088 environments to the Intel 80286, however, it 
should be noted that program sections containing these exception- 
handling instructions are not likely to be completely portable to 
the Intel 80286. 


FINIT/ENINIT (initialize processor) 


FINIT/FNINIT sets the NPX into a known state, unaffected by 
any previous activity. The no-wait form of this instruction will 
cause the NPX to abort any previous numeric operations currently 
executing in the NEU. This instruction performs the functional 
equivalent of a hardware RESET, with one exception; 
FINIT/FNINIT does not affect the current NPX operating mode 
(either Real-Address mode or Protected mode). FINIT checks for 
unmasked numeric exceptions, FNINIT does not. 


Note that if FNINIT is executed while a previous NPX memory- 
referencing instruction is running, NPX bus cycles in progress will 
be aborted. This instruction may be necessary to clear the NPX if 
a Processor Extension Segment Overrun Exception (Interrupt 9) is 
detected by the CPU. 
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FSETPM (set protected mode) 


FSETPM sets the operating mode of the NPX to Protected 
Virtual-Address mode. When the NPX is first initialized following 
hardware RESET, it operates in Real-Address mode, just as does 
the CPU. Once the NPX has been set into Protected mode, only a 
hardware RESET can return the NPX to operation in Real- 
Address mode. 


When the NPX operates in Protected mode, the NPX exception 
pointers are represented differently than they are in Real-Address 
mode (see the FSAVE and FSTENV instructions that follow). This 
distinction is evident primarily to writers of numeric exception 
handlers, however. For general application programmers, the 
operating mode of the NPX need not be a concern. 


FLDCW source (load control word) 


FLDCW replaces the current processor control word with the word 
defined by the source operand. This instruction is typically used to 
establish or change the NPX’s mode of operation. Note that if an 
exception bit in the status word is set, loading a new control word 
that unmasks that exception and clears the interrupt enable mask 
will generate an immediate interrupt request before the next 
instruction is executed. When changing modes, the recommended 
procedure is to first clear any exceptions and then load the new 
control word. 


FSTCW/FNSTCW destination (store control word) 


FSTCW/FNSTCW writes the current processor control word to the 
memory location defined by the destination. FSTCW checks for 
unmasked numeric exceptions, FNSTCW does not. 
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FSTSW/FNSTSW destination (store status word) 


FSTSW/FNSTCW writes the current value of the NPX status word 
to the destination operand in memory. The instruction is used to 


@ Implement conditional branching following a comparison or 
FPREM instruction (FSTSW) 


© Poll the NPX to determine if it is busy (PNSTSW) 


@ Invoke exception handlers in environments that do not use 
interrupts (FSTSW). 


FSTSW checks for unmasked numeric exceptions, FNSTSW does 
not. 


FSTSW AX/FNSTSW AX (store status word to AX) 


FSTSW AX/FNSTSW AX is a special NPX instruction that writes 
the current value of the NPX status word directly into the CPU 
AX register. This instruction optimizes conditional branching in 
numeric programs, where the CPU must test the condition of 
various NPX status bits. The waited form checks for unmasked 
numeric exceptions, the non-waited for does not. 


When this instruction is executed, the CPU AX Register is updated 
with the NPX status word before the CPU executes any further 
instructions. In this way, the CPU can immediately test the NPX 
status word without any WAIT or other synchronization 
instructions required. 


Inte] 80287 Architecture A-111 


Appendix 
a 


FCLEX/FNCLEX (clear exceptions) 


FCLEX/FNCLEX clears all exception flags, the error status flag 
and the busy flag in the status word. As a consequence, the NPX’s 
-ERROR line goes inactive. FCLEX checks for unmasked numeric 
exceptions, FNCLEX does not. 


FSAVE/FNSAVE destination (save state) 


FSAVE/FNSAVE writes the full NPX state—environment plus 
register stack—to the memory location defined by the destination 
operand. Figure A-17 shows the layout of the 94-byte save area; 
typically the instruction will be coded to save this image on the 
CPU stack. FNSAVE delays its execution until all NPX activity 
completes normally. Thus, the save image reflects the state of the 
NPX following the completion of any running instruction. After 
writing the state image to memory, FSAVE/FNSAVE initializes 
the NPX as if FINIT/FNINIT had been executed. 


FSAVE/FNSAVE is useful whenever a program wants to save the 
current state of the NPX and initialize it for a new routine. Three 
examples are 


@ An operating system needs to perform a context switch 
(suspend the task that had been running and give control to a 
new task). 


An exception handler needs to use the NPX. 


An application task wants to pass a “clean” NPX to a 
subroutine. 


FSAVE checks for unmasked numeric errors before executing, 
FNSAVE does not. An FWAIT should be executed before CPU 
interrupts are enabled or any subsequent NPX instruction is 
executed. Other CPU instructions may be executed between the 
FNSAVE/FSAVE and FWAIT. 
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INCREASING ADDRESSES 


1s. oO 15 
CONTROL woRD +0 CONTROL WORD ] +0 
STATUS WORD +2 STATUS WORD +2 
TAG WORD “4 TAG WORD | 4 
InsTRUCTION porNTER (15-0) | +6 IP OFFSET +s 
INSTRUCTION INSTRUCTION 
POINTER cats o| orcove (10-0) | *® cS SELECTOR +8 
DATA POINTER (15-0) +10 DATA OPERANO OFFSET +10 
DATA POINTER 
(a-18) | 0 +12 DATA OPERAND SELECTOR +12 
SIGNIFICAND 15-0 | +14 SIGNIFICAND 15-0 [+14 
op Baek STGNIFICAND 31-16 [+16 sop gracy | | SHONIFICAND 31-16 | +16 
ELEMENT: ‘SIGNIFICAND 47-32 [+18 ELEMENT: SIGNIFICAND 47-32 | +18 
os ‘SIGNIFICAND 63-48 | +20 ST SIGNIFICAND 63-48 | +20 
S| EXPONENT 14-0 | +22 s] exponent 14-0 | +22 
SIGNIFICAND 15-0 | +24 SIGNIFICAND 15-0 | +26 
wext stack! [_SESNIFICANO 31-16] +26 evs gracy| | _SEONIFICAND 31-16 | +26 
ELEMENT: SIGNIFICAND 47-32 |+28 ELEMENT: SIGNIFICAND 47-32 | +28 
stn) ‘SIGNIFICANO 63-48 +30 STI) STGNIFICAND 63-48 | +30 
fA EXPONENT 14-0 | +92 fe cevemen ca ae 
eE—Eeve 
‘SIGNIFICAND 15-0 | +04 SIGNIFICAND 15-0 | +04 
SIGNIFICAND 31-16 | +86 SIGNIFICAND 31-16 | +06 
tast stack] [~ siGwrricano 47-32 |+aa cast stack! | SIGNIFICAND 47-32 | +28 
ELEMENT: SIGNIFICAND 63-48 ]+go ELEMENT: SIGNIFICAND 63-48 | +80 
st(7) st(7) 
3] EXPONENT 14-0 | +82 S| EXPONENT 14-0 | +92 
[2h | 
REAL MODE PROTECTED MODE 
notes: 
$ = SIGN 
BIT 0 OF EACH FIELD IS RIGHTMOST, LEAST SIGNIFICANT BIT OF CORRESPONDING 
REGISTER FIELD. 
BIT 63 OF SIGNFICANO IS INTEGER BIT (ASSUMED BINARY POINT IS IMMEDIATELY 
10 THE RIGHT). 
Figure A-17. FSAVE/FRSTOR Memory Layout 
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FRSTOR source (restore state) 


FRSTOR reloads the NPX from the 94-byte memory area defined 
by the source operand. This information should have been written 
by a previous FSAVE/FNSAVE instruction and not altered by any 
other instruction. An FWAIT is not required after FRSTOR. 
FRSTOR will automatically wait and check for interrupts until all 
data transfers are completed before continuing to the next 
instruction. 


Note that the NPX “reacts” to its new state at the conclusion of 
the FRSTOR; it will, for example, generate an exception request if 
the exception and mask bits in the memory image so indicate when 
the next WAIT or error-checking-ESC instruction is executed. 


FSTENV/FNSTENV destination (store environment) 


FSTENV/FNSTENV writes the NPX’s basic status—control, 
status, and tag words, and exception pointers—to the memory 
location defined by the destination operation. Typically, the 
environment is saved on the CPU stack. FSTENV/FNSTENV is 
often used by exception handlers because it provides access to the 
exception pointers that identify the offending instruction and 
operand. After saving the environment, FSTENV/FNSTENV sets 
all exception masks in the processor. FSTENV checks for pending 
errors before executing, FNSTENV does not. 


Figure A-18 shows the format of the environment data in memory. 
FNSTENV does not store the environment until all NPX activity 
has completed. Thus, the data saved by the instruction reflects the 
NPX after any previously decoded instruction has been executed. 
After writing the environment image to memory, 
FNSTENV/FSTENV initializes the NPX state as if FNINIT/FINIT 
had been executed. 


FSTENV/FNSTENV must be allowed to complete before any other 
NPX instruction is decoded. When FSTENV is coded, an explicit 
FWAIT, or assembler-generated WAIT, should precede any 
subsequent NPX instruction. 
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FLDENV source (load environment) 


FLDENV reloads the environment from the memory area defined 
by the source operand. This data should have been written by a 
previous FSTENV/FNSTENV instruction. CPU instructions (that 
do not reference the environment image) may immediately follow 
FLDENV. An FWAIT is not required after FLDENV. FLDENV 
will automatically wait for all data transfers to complete before 
executing the next instruction. 


Note that loading an environment image that contains an 
unmasked exception will cause a numeric exception when the next 
WAIT or error-checking-ESC instruction is executed. 


MEMORY EMORY 
OFFSET OFFSET 
45 15 0 
CONTROL WORD +0 CONTROL WORD +0 
STATUS WORD +2 STATUS HORD +2 
TAG WORD | +4 TAG WORD 4 
INSTRUCTION POINTER (15-0) 6 IP OFFSET +6 
THSTRUCTION INSTRUCTION 
+ TOR + 
POINTER (18-16)] "| OPCODE (10-0) . cubed 7 
DATA POINTER (15-0) +10 DATA OPERANO OFFSET +10 
DATA POINTER Ir. canvucoptauanaeifoause =e 
1 + 
Tist8) +12 DATA OPERANO SELECTOR 12 
15 121 0 
REAL MODE PROTECTED MODE 


Figure A-18. FSTENV/FLDENV Memory Layout 
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FINCSTP (increment stack pointer) 


FINCSTP adds 1 to the stack top pointer in the status word. It 
does not alter tags or register contents, nor does it transfer data. 
It is not equivalent to popping the stack, because it does not set 
the tag of the previous stack top to empty. Incrementing the stack 
pointer when ST=7 produces ST=0. 


FDECSTP (decrement stack pointer) 


FDECSTP subtracts 1 from ST, the stack top pointer in the status 
word. No tags or registers are altered, nor is any data transferred. 
Executing FDECSTP when ST=0 produces ST=7. 


FFREE destination (free register) 


FFREE changes the destination register’s tag to empty; the 
content of the register is unaffected. 


FNOP (no operation) 


FNOP stores the stack top to the stack top (FST ST, ST(0)) and 
thus effectively performs no operation. 


FWAIT (CPU instruction) 


FWAIT is not actually an NPX instruction, but an alternate 
mnemonic for the CPU WAIT instruction. The FWAIT or WAIT 
mnemonic should be coded whenever the programmer wants to 
synchronize the CPU to the NPX, that is, to suspend further 
instruction decoding until the NPX has completed the current 
instruction. FWAIT will check for unmasked numeric exceptions. 
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The typical NPX instruction accepts one or two operands as inputs, 
Operates on these, and produces a result as an output. Operands 
are most often (the contents of) register or memory locations. The 
operands of some instructions are predefined; for example, FSQRT 
always takes the square root of the number in the top stack 
element. Others allow, or require, the programmer to explicitly 
code the operand(s) along with the instruction mnemonic. Still 
others accept one explicit operand and one implicit operand, which 
is usually the top stack element. 


Whether supplied by the programmer or utilized automatically, the 
two basic types of operands are sources and destinations. A source 
operand simply supplies one of the inputs to an instruction; it is 
not altered by the instruction. Even when an instruction converts 
the source operand from one format to another (e.g., real to 
integer), the conversion is actually performed in an internal work 
area to avoid altering the source operand. A destination operand 
may also provide an input to an instruction. It is distinguished 
from a source operand, however, because its content may be 
altered when it receives the result produced by the operation; that 
is, the destination is replaced by the result. 


Many instructions allow their operands to be coded in more than 
one way. For example, FADD (add real) may be written without 
operands, with only a source or with a destination and a source. 
The instruction descriptions in this section employ the simple 
convention of separating alternative operand forms with slashes; 
the slashes, however, are not coded. Consecutive slashes indicate 
an option of no explicit operands. The operands for FADD are 


thus described as 


//source/destination, source 
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This means that FADD may be written in any of three ways: 


FADD 
FADD source 


FADD destination, source 


When reading this section, it is important to bear in mind that 
memory operands may be coded with any of the CPU’s memory 
addressing modes. 


Operand Types 


Explanation 


Identifier | 


ST 


Stack top; the register currently at the top of the stack. 


ST(i) A register in the stack i (0<i<7) stack elements from the 
top. ST(1) is the next-on-stack register ST(2) is below 
ST(1), ete. 

Short-real A short real (32 bits) number in memory. 

Long-real A long real (64 bits) number in memory. 

Temp-real A temporary real (80 bits) number in memory. 


| Packed-decimal 


A packed decimal integer (18 digits, 10 bytes) in memory. 


Word-integer 


A word binary integer (16 bits) in memory. 


Short-integer 


A short binary integer (32 bits) in memory. 


Long-integer 


A long binary integer (64 bits) in memory. 


nn-bytes 


‘A memory are nn bytes long. 
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Intel 80287 Instruction Set Summary 


Data Transfer 


Optional 
Function 8,16 Bit 
Format Displacement 


Indicated by * 


FLD = LOAD: 


Integer/real memory to ST(0) 

ESCAPE MF _1|MOD 000 R/M * 
Long Integer Memory to ST(0) 
ESCAPE 111|MOD 101 R/M > 
Temporary Real Memory to ST(O) 


BCD Memory to ST(0, 
ESCAPE 111|/MOD 100 R/M hs 


ST(i) to ST(0) 
ESCAPE 001]11000ST(i) 


FST = STORE: 


ST(0) to Integer/Real Memorv 
ESCAPE MF_1|MOD010R/M * 
ST(0) to ST(i) 


ESCAPE 101|11010ST(i) 


FSTP = Store and POP: 
ST(0) to Integer/Real Memory 


* 
ST(0) to Long Integer Memory 

ESCAPE 111]MOD111R/M . 
ST(0) to Temporary Real Memory. 

ESCAPE 011]MOD111R/M . 
ST(0) to BCD Memory 

ESCAPE 111/MOD110R/M . 
ST(0) to STU 

FXCH = Exchange ST(i) and ST(0) 
ESCAPE 001]11001ST(i 
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Comparison 


Function 
Format 


Optional 
8,16 Bit 
Displacement 
Indicated by * 


FCOM = Compare: 
Integer/Real Memory to ST(0) 
ST(i) to ST(O) 


FCOMP = Compare and Pop: 
Integer/Real Memory to ST(0) 
ST(i) to ST(O) 

ESCAPE 000]11011 STG 


FCOMPP = Compare ST(1) to ST(0) and Pop Twice 
ESCAPE 110]11011001 


FTST = Test ST(0) 
ESCAPE 001111100100 


FXAM = Examine ST(0) 
ESCAPE 001111100101 
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Function 
Format 


Optional 
8,16 Bit 
Displacement 
Indicated by * 


FLDZ = LOAD + 0.0 into ST(0, 
ESCAPE 001111101110 


FLD1 = LOAD + 1.0 into ST(0, 
ESCAPE 001111101000 


FLDPI = LOAD = into ST(0) 
ESCAPE 001]11101011 


FLDL2T = LOAD log, 10 into ST(0) 
ESCAPE 001111101001 


FLDL2E = LOAD log, e into ST(0) 


ESCAPE 001111101010 


FLDLG2 = LOAD log,, 2 into ST(0) 
ESCAPE 001111101100 


FLDLN2 = LOAD log, 2 into ST(0) 


ESCAPE 001]11101101 
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Arithmetic 
Optional 
Function 8,16 Bit 
Format Displacement 


Indicated by * 


|_ 

FADD = Addition: 
Integer/real memory with ST(0) 
. 
ST(i) and ST(0: 

ESCAPE d P0|11000STUi 
FSUB = Subtraction: 
Integer/real memory with ST(0. 
eee Mr oIMOD LOR: RAN] : 
ST(i) and ST(0} 

ESCAPE d P0j1110R R/M 
FMUL = Multiplication: 
Integer/real memory with ST(0. 
. 
ST(i) and ST(O 

ESCAPE d P0j11001 R/M 


FSQRT = Square root of ST(0) 


ESCAPE 001] 11111010 


[FSCALE = Scale ST(0) by STU) 
ESCAPE 00111111101 
FPREM = Partial Remainder of ST(0) + ST(1) 


ESCAPE 001[11111000 
[FRNDINT = Round ST(0) to integer 

ESCAPE 001111111100 

FRTRACT = Extract components of ST(0) 
ESCAPE 001111110100 

FABS = Absolute value of S100) 
ESCAPE 001]11100001 


FCHS = Change sign of ST 


ESCAPE 001111100000 
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Transcendental 
Optional 
Function 8,16 Bit 
Format Displacement 


Indicated by * 


| #ETAN = Partial Tangent of ST(0) 
ESCAPE 001]11110010 
FPATAN = Partial Arctangent of ST(0) + ST(1) 
ESCAPE 001]11110011 


F2XM1 = 287.1 


ESCAPE 001[11110000 
FYL2X = ST(1) ¢ Log, [ST(0)] 
ESCAPE 001/11110001 


FYL2XP1 = ST(1) « Log, [ST(0) + 1] 


ESCAPE 001]11111001 
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Processor Control 


Optional 
Function 8,16 Bit 
Format Displacement 


Indicated by * 


FINIT = Initialize NPX 


ESCAPE 011]11100011 


FSETPM = Enter Protected Mode 
ESCAPE 011111100100 


FSTSWAX = Store Control Word 
ESCAPE 111111100000 


FLDCW = Load control word 


ESCAPE 001|MOD101 R/M ‘i 
FSTCW = Store control word 
ESCAPE 001/MOD111 R/M : 
FSTSW = Store status word 
ESCAPE 101/MOD 111 R/M * 


FCLEX = Clear exceptions 
ESCAPE 011] 1100010 
FSTENV = Store environment 
ESCAPE 001|MOD110 R/M 2 


FLDENV = Load environment 


ESCAPE 001|MOD100 R/M = 
FSAVE = Save state 
ESCAPE 101|MOD110 R/M = 


FRSTOR = Restore state 


ESCAPE 101|MOD100 R/M * 


FINCSTP = Increment stack pointer 
ESCAPE 001]11110111 


FDECSTP = Decrement stack pointer 
ESCAPE 001]11110110 
FFREE = Free STG. 


ESCAPE 101]11000STG 
FNOP = No operation 
ESCAPE 001111010000 
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Instruction Set Summary Notes 


1. _ if mod = 00 then DISP = 0°, disp-low and disp-high 
are absent 
if mod = 01 then DISP = disp-low sign-extended to 
16-bits, disp-high is absent 
if mod = 10 then DISP = disp-high; disp-low 
if mod = 11 then r/m is treated as an ST(i) field 
2. if r/m = 000 then EA = (BX) + (SI) + DISP 
if r/m = 001 then EA = (BX) + (DI) + DISP 
ifr/m 10 then EA = (BP) + (SI) + DISP 
if r/m 11 then EA = (BP) + (DI) + DISP 
if r/m = 100 then EA = (SI) + DISP 
if r/m = 101 then EA = (DI) + DISP 
if r/m = 110 then EA = (BP) + DISP 
if r/m = 111 then EA = (BX) + DISP 
*except if mod = 000 and r/m = 110 
then EA = disp-high; disp-low. 
3. MF = Memory Format 
00—32-bit Real 
01—32-bit Integer 
10—64-bit Real 
11—16-bit Integer 
4. ST(0) = Current stack top. 
ST(i) it? register below stack top. 


5. d= Destination 
0—Destination is ST(0). 
1—Destination is ST(i). 


6. P=Pop 
0—No pop. 
1—Pop ST(0). 

7. R= Reverse (when d = 1 reverse sense of 
R). 


0—Destination (op) Source. 
1—Source (op) Destination. 


8. For FSQRT: 0s ST(0)st+x 
For FSCALE: -2!5 < ST(1) < +2!5 and ST(1) integer 
For F2XM1: 0=ST(0) <2? 
For FYL2X: 0 <ST(0) < x 


-x <ST)<+x 
For FYL2XP1: 0-< |ST(0)| <(2- /2)/2 
- x <ST(l) <x 
For FPTAN: 0 = ST(0) < «/4 
For FPATAN: 0 ST(0) <ST(l)<+x 
9 ESCAPE bit pattern is 11011. 
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_ 


Interrupt Assignments and Priorities 


IRQO Programmable Interval Timer 
IRQ Keyboard Controller and Time-Slice Timer 
IRQ2 Available for External Devices 


IRQ3 Available for External Devices (Used as COM2 when the 
Communications Manager is installed.) 


IRQ4 — Async Communications (COM1) 


IRQ5 Available for External Devices (Used by HDC when HDC 
is installed.) 


IRQ6 MFDC 
IRQ7 Parallel Printer Interface 


DMA Channel Assignments 


DMA channel 0 


DMA channel 1 


DMA channel 2 


DMA channel 3 


It is dedicated to refresh of the system Dynamic Memory 
devices. It is not possible for an external device to 
request DMA channel 0. 


It is available on the system bus for use by external 
devices. 


Conventionally, this channel is used exclusively by the 
MFDC. It is also available on the system bus for use by 
external devices. 


It is available on the system bus for use by external 
devices. Conventionally, this channel is used exclusively 
by the HDC. If should be noted that special circuitry 
exists on the Motherboard to accelerate DMA operations 
on DMA channel 3. This novel hardware technique, 
named DMA Acceleration, causes 128-byte block transfers 
to occur under the Demand Transfer mode of the 
DMAC-—allowing very fast transfers to and from the 
HDC. 
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System Memory Address Map 


| Address [ Comment 
000000 | 128K RAM 640K RAM 
BANK 1 256K RAM BANK 1 
OIFFFF | (64K Bit) BANK 1 (64K Bit) 
(64K Bit) 512K RAM | BANK 2 
020000 BANK 2 BANK 1 (256K Bit) 
(64K Bit) (256K Bit) or 
03FFFF BANK 1 
(256K Bit) 
040000 BANK 2 
(64K Bit) 
O7FFFF or 
BANK 1 
080000 (256K Bit) 
| BANK 2 
OOF FFF (256K Bit) 


0A0000 96K Bytes Reserved—Optional Display Enhancement 
Board Video Memory 

OB7FFF 
0B8000 


32K Bytes—Display Controller Board Video Memory 
OBFFFF 
0co000 


192K Bytes ROM—Reserved for Expansion and Control 
OEFFFF 
OF 0000 


64K Bytes—Boot ROM 
OFFFFF 

100000 | Reserved for Memory Expansion Boards—RAM 
(14M bytes + 640K bytes) 


FOFFFF 
FA0000 384K RAM (Accessible in Protected Mode Only) 
BANK 1 (256K Bit) 
FFFFFF_ | BANK 2 (256K Bit) 
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I/O Ports 


Address Usage 

0000-000F | Direct Memory Access Controller (DMAC), 8237A 
0020-0021 | Interrupt Controller, 8259A 

0040-0043 | Timer, 8254A 

0060 Keyboard Controller, 80414 

0061 Parity, IOCHK, Speaker, ete. 

0062 Parity, IOCHK Sources 

0063 NC 

0064 Keyboard Controller, 8041A 

0065 -HILOCS (High-Low Chip Select) 

0066 System Configuration (DIPSW 2) 

0067 System Configuration (DIPSW 1) 

0070-007F | Real-Time Clock 

0080-0083 | Direct Memory Access (DMA) Page Registers (8-Bits Wide) 
00A0-00A3 | Non-Maskable Interrupt (NMI) Register 

00C0-00C3 | Reserved 

00D0-00D3_} Reserved 

00E0-00FF | Numeric Processor Extension (NPX) 

0100-02F7 | Reserved 

02F8-02FF | Communications Manager (COM2) 

0320-0323 | Hard Disk Unit Controller (HDC) 

0378-037F Parallel Printer Interface (LPT1) 

03D0-03DF | Display Controller Board and Display Enhancement Board (DEB) 
03F0-03F7 | Mini-Floppy Disk Unit (MFD) Controller On Motherboard 
03F8-03FF | Serial Communications Controller On Motherboard (COM1) 
0400-3EFF | Unused 

3F00-3F1F | -RESET CS 

3F20-3F3F | -PROTECTEN 

3F40-3F5F | -TIME SLICEN 

3F60-3F7F | -TRAPCE 

3F80-3F9F | -VXLATEN 

3FA0-3FBF | -BITREAD 

3FC0-3FDF | -ADADV 

3FE0-3FFF | -CLear TRAP address | 


Note 1: 3FFF hex is the largest usable port number. For ports 0400 hex 
and above, the -YIOR and -YIOW (62-pin connector) signals are inhibited. 
Devices that use port numbers above 0400 hex must use -XIOR and 
-XIOW. All the I/O ports are accessible by the Multi-Master Interface 


(MMI). 


Note 2: To preserve compatibility with the existing devices such as IBM 
cards, care must be taken while selecting port numbers. 
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System Configuration Switches and Jumper 
Settings 


Switch DSW1 


Position | Function 
1 Mini-Floppy Disk Unit(s) [MFD(s)], 96 TPI or 48 TPI 
Start-up Speed for MFD(s) 
Hard Disk Unit (HDU) Type 
Display type 
Number of MEDs 


SW1__SW2__SW3__SW4_SW5_SW6__SW7__SW8 | Function 


OFF x x = x x x x | 96 TPI MFD(s) installed 
(Drive B) 
ON x x x x x x x | 48 TPI MFD(s) installed 
(Drive B) 
x OFF x x x x x x | 96 TPI MFD(s) installed 
(Drive A) 
x ON x x x x x x | 48 TPI MFD(s) installed 
(Drive A) 
x x OFF OFF x x x x | In combination with 


switches on the Hard Disk 
Unit Controller (HDC) 
determines the HDU type. 
x x x x ON OFF x x | 80 x 25 Line—Setting with 
Display Controller Board 
Shades of Green + Color 
(AT&T Standard witht 

cither Display) 

x x * x OFF ON x x | 40 x 25 Line—Setting with 
Display Controller Board 
Shades of Green + Color 


x x x x OFF OFF x x | IBM Compatible 
Monochrome Display 
Controller 

x x x x ON ON x x__| Reserved for future use 

x x x x x ON ON | 1 MFD installed in system 

x x x x x OFF __ON | 2 MFDs installed in system 

x x x x x_ON _ OFF | 3 MFDs installed in system 
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Switch DSW2 

Position | Function 
1-4 Motherboard Memory 
5 Numeric Processor Extension, Intel 80287 
6 Reserved 
7 Hard Disk Unit Controller (HDC) Basic 

Input/Output System (BIOS) Location 

8 Read-Only Memory (ROM) Size 


SWI _SW2 _SW3__SW4__SW5_SW6__SW7__SW8 | Function 


OFF ON ON ON x x x x__| Bank 1—64K Bit 
ON OFF ON ON x x x x | Bank 1—64K Bit 
Bank 2—64K Bit 
ON ON OFF ON x x x x | Bank 1—64K Bit 
Bank 2—64K Bit 
ON ON ON OFF x x x x Bank 1—256K Bit 
OFF ON ON OFF x x x x | Bank 1—64K Bit 
Bank 2—256K Bit 
ON OFF ON OFF x x x x | Bank 1—256K Bit 
Bank 2—64K Bit 
ON ON OFF OFF x x x x | Bank 1—256K Bit 
Bank 2—64K Bit 
OFF OFF ON OFF x x x x | Bank 1—266K Bit 
Bank 2—256K Bit 
x x x x OFF x x x__| 80287 not installed 
x ON x x x _| 80287 installed 
x x ON x | HDC BIOS ROM on 


Motherboard Being 
Used (Default) 

x x x x x x OFF x | HDC BIOS ROM on 
HDC Board Being 
Used 

x x x x x ON x x | Not Used—Leave 
in ON Position 

z x x x x x x OFF | 16Kx8 EPROMs 
installed 

(32K bytes 
total—default) 

x x x ON | 32Kx8 EPROMs 
installed 

(64K bytes total) 
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Basic Bus Connector (BBC) and Extended Bus 
Connector (EBC) Pin Layouts 


-IMWR 
-IMRD 
-OW 
-IOR 
-DACK3 
DRQ3 
-DACK1 
DRQI 
-DACKO 
CLOCK 
IRQ7 
IRQ6 
IRQS 
IRQS 
IRQ3 
-DACK2 
TC 

ALE 
+5V 
osc 
GND 


Basic Bus Connector (BBC) Extended Bus Connector (EBC) 
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Logic Diagrams 


Note 1: Slight circuit deviations may be found when 
comparing your PC 6300 PLUS boards with the following 
Schematics. 


Note 2: The Motherboard, Display Controller Board, and 
Communications Manager Board Figures each consist of 
multiple sheets. The following lists the reference 
convention used for each set of Figures. 


Figure Convention Description 
Motherboard 1C/B2 Sheet 1C, Cell Location B2 
Display Controller S7 Sheet 7 
Board 
Communications 2F3 Sheet 2, Cell Location F3 


Manager Board 
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1.2M-Byte MFD Interface, 6-47 
Input Signal Descriptions, 6-49 
Interface Connector Pin 
Assignments, 6-48 
Jumper Options, 6-51 
Output Signal Descriptions, 6-50 
Signal Level, 6-47 

16-Color Graphics Mode, 4-101 

1K-Byte Sector Buffer (HDC), 6-70 

1M-Byte Configuration, 1-16 

320 x 200 Graphics Mode, 4-54 

320-Wide Graphics Path, 4-17 

360K-Byte MFD Interface, 6-22 
Brushless de Motor and Drive 
Logic, 6-30 
Input Signal Descriptions, 6-24 
Jumper Options, 6-25 
MFD Interface Connector Pin 
Assignments, 6-23 
Main Board, 6-27 
Output Signal Descriptions, 6-24 
Signal Level, 6-22 

512K-Byte Configuration, 1-16 

640 x 200 Graphics Mode, 4-52 

640 x 400 Graphics Mode, 4-53 

640-Wide Graphics Path, 4-16 

6845 CRT Controller, 4-39, 4-43, 4-45, 

4-106 


A 


Accumulator-Specific Transfers (Intel 
80286), A-31 
Acronym, 

A/N, 1-25 

ACE, 2-77 

ALU, 2-23 


Acronym (Contd) 
APA, 1-25 
AU, 2-23 
BBC, 2-16 
BIOS, 2-100 


BU, 2-23 
CCB, 6-86 
CPTENY, 5-8 
CPU, 1-12 


EPROM, 1-16 
BU, 2-23 
HDG, 1-8 
HDU, 1-4 
IPL, 2-57 

TU, 2-23 
LED, 1-8 

LS, 2-89 

LSI, 2-4 
LUT, 4-77 
MFD, 1-4 
MFDC, 1-17 
MMC, 2-95 
MMI, 1-12 
NEU, 2-31 
NMI, 2-40 
NPX, 1-14 
PAL, 2-9 

PC 6300, 1-22 
PC 6300 PLUS, 1-3 
PIC, 2-40 
R/W, 6-11 
RAM, 1-12 
ROM, 1-12 
USART, 5-8 
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General Index 


Index 


SSS 


Acronym (Contd) 


Addition (Intel 80286), A-34 
Addition (Intel 80287), A-94 
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Data Types, A-13 
Flags Word Description, A-8 
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Summary, A-55 
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Description, A-15 
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Procedure Implementation, A-48 
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Protected-Virtual-Address 
Mode, A-21 
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Constant, and Processor Control 
Instructions, A-101 
Control Word, A-83 
Data Transfer Instructions, A-90 
Data Types and Formats, A-88 
Instruction Set, A-90 
Intel 80287 Instruction Set 
Summary, A-119 
Numeric Operands, A-117 
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Pointers, A-86 
The NPX Register Stack, A-77 
The NPX Status Word, A-80 
The NPX Tag Word, A-85 
Intel 80287 Instruction Set 
Summary, A-119 
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Constants, A-121 
Data Transfer, A-119 
Instruction Set Summary 
Notes, A-125 
Processor Control, A-124 
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Intel 8041A (Keyboard Controller), 1-17 
Intel 8237A (DMAC), 1-15 
Intel 8254 (Timer), 1-20 
Intel 8259A (Interrupt Controller), 1-19 
Interface Connections (HDC), 6-75 
HDU Interface—Control Connector 
(J1), 6-79 
HDU Interface—High-Speed Data 
Connector (J2 and J3), 6-82 
System Interface Connector 
(P1), 6-76 Z 
Interface Connector Pin Assignments 
(1.2M-Byte MFD), 6-48 
Interface Connector, J6, 2-68 
Interface and Control (HDC), 6-96 


Internal Functions, 2-23, 2-30 
Interrupt (Intel 80286), A-47 
Interrupt Assignments and 
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Interrupt Control Logic, 2-13, 2-40 
Maskable Priority Interrupts, 2-42 
Non-Maskable Interrupt (NMI), 2-41 
Interrupt Controller, 1-19 
Interrupt Devices, 3-43 
Interrupt Requests, 3-44 
Non-maskable Interrupt (NMI), 3-43 
Interrupt Expansion, 2-93 
Interrupt Levels, List of, 2-40 
Interrupt Requests, 3-44 
Interrupts, A-20 
1/0 Address Space, 3-51 
1/0 Address Space and Map, 3-36 
1/0 Circuits, 4-87 
1/0 Interface Circuitry, 2-56 
Bus Converter Circuitry, 2-59 
1/0 Port Select Logie, 2-56 
Keyboard Interface, 2-66 
Mini-Floppy Disk Unit (MFD) 
Interface, 2-83 
Motherboard to Display Controller 
Board Interface (Bus Expansion 
Interface), 2-92 
Multi-Master Interface (MMI), 2-93 
Parallel Printer Interface, 2-71 
Real-Time Clock and Calendar, 2-65 
Serial Communication Interface, 2-77 
Speaker Interface, 2-70 
System Configuration Jumper 
Settings, 2-96 
System Configuration Switches, 2-96 
Timer, 2-61 
1/0 Interfaces, 1-17 
1/0 Port Description (HDC), 6-85 
1/0 Port Select Logic, 2-56 
1/0 Ports, 3-25, A-128 
Basic Bus I/O Ports, 3-25 
Extended Bus 1/0 Ports, 3-30 
1/0 Address Space and Map, 3-36 
I/O Protection and Trap FIFO 
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Key Features (HDU), 6-54 
Keyboard, 1-34, 7-1, A-170 
Characteristics, 7-12 
Commands/Responses, 7-16 
Controller, 2-14 
Enable Command, 7-16 
Functional Description, 7-13 
General, 7-10 
Interface, 1-17 
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Model 302 or 301, 1-36 
Pin Diagram, A-170 
Scan Codes, 7-15 
Keyboard Interface, 2-66 
Communication Protocol, 2-66 
Interface Connector, J6, 2-68 
Keyboard—Figure(s), 
Model 301 Keyboard, 7-19 
Model 302 Keyboard, 7-11 
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Line Interface (Communications 
Manager), 5-4 
List of Interrupt Levels, 2-40 
Little Look-Up Table Mode, 4-104 
Logic (Intel 80286), A-39, A-62 
Logie Diagrams, A-132 
Bus Expansion Board, A-169 
Communications Manager 
Board, A-173 
Display Controller Board, A-153 
Keyboard, A-170 
Motherboard, A-133 
Power Supply, A-172 
Look-Up Table, 4-98 
Read Operation, 
Write Operation, 4-98 
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Machine Status Word 
Description, A-15 
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Magnetic Peripheral Devices, 6-1 
Diskette, 6-6 
General, 6-5 
Hard Disk Unit (20M Bytes), 6-53 
Hard Disk Unit (HDU), 1-31 
Hard Disk Unit Controller Board 
(HDC), 6-66 
Mini-Floppy Disk (MFD) 
Drives, 1-29 
Mini-Floppy Disk Unit (MFD)—1.2M 
Bytes, 6-32 
Mini-Floppy Disk Unit (MFD)—360K 
Byte, 6-8 
Magnetic Peripheral Devices— 
Figure(s), 
1.2M-Byte MFD, 6-32 
1.2M-Byte MFD General Block 
Diagram and Position of 
Components, 6-33 
1.2M-Byte MFD Interface 
Connector, 6-48 
20M-Byte HDU, 6-53 
360K-Byte MFD, 6-8 
360K-Byte MFD General Block 
Diagram and Position of 
Components, 6-9 
360K-Byte MFD Interface 
Connector, 6-23 
Access Timing, 6-17, 6-42 
Access and Diskette Loading 
Mechanism, 6-10, 6-34 
Air Filtration System, 6-59 
Block Diagram of HDC (Sheet 1 of 
2), 6-67 
Block Diagram of HDC (Sheet 2 of 
2), 6-68 
Diskette, 6-7 
HDU Actuator Lock, 6-62 
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Magnetic Peripheral Devices— 
Figure(s) (Contd) 
HDU Interface—Control Connector 
(J1), 6-81 
HDU Interface—High-Speed Data 
Connector (J2 and J3), 6-82 
HDU to System Interface Connector 
(P1), 6-78 
Hard Disk Unit Shipping Zone, 6-63 
Head, 6-11, 6-36 
Head Loading Mechanism, 6-12, 6-36 
Index Timing, 6-22, 6-47 
Initial Sequence, 6-16, 6-41 
Jumper Option Pin Assignment and 
Interface Connector Pin 
Configuration, 6-26, 6-52 
Main Board Block Diagram, 6-29 
Read After Write Timing, 6-20, 6-45 
Read Data Timing, 6-18, 6-43 
Read Timing, 6-18, 6-43 
Read/Write Head Positioning 
Mechanism, 6-60 
Side Select Timing, 6-21, 6-46 
‘The Brushless de Motor and Drive 
Logic, 6-31 
Typical MFM Format Example, 6-15, 
6-40 
Write Data Timing, 6-20, 6-45 
Write Timing, 6-19, 6-44 
Main Board (360K-Byte MFD), 6-27 
Major Components, 
Intel 80286 (CPU), 1-14 
Intel 80287 (NPX), 1-14 
Intel 8039 (Keyboard 
Controller), 7-12 
Intel 8041 (Keyboard 
Controller), 1-17 
Intel 82284 (Clock Generator), 2-8 
Intel 82288 (Bus Controller), 2-9 
Intel 8237A (DMAC), 1-15 
Intel 8251 (USART), 5-8 
Intel 8254A (Timer), 1-20 
Intel 8259A (Interrupt 
Controller), 1-19 
Motorola 6845 (CRT Controller), 1-25 
NEC pPD765A (MFDC), 1-17 
NSC 8250 (Serial Communication 
Interface), 1-18 
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and Calendar), 1-20 
Maskable Priority Interrupts, 2-42 
Mechanical Characteristics (Power 
Supply), 8-4 
Mechanical Specifications (Mouse), 7-22 
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Address Space, 3-50 
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Control Logic, 2-52 

Organization, A-8 

Refresh, 2-54 

Size, A-17, A-22 

to 1/0 Transfer, 3-40 
Memory Devices, 3-13 

Basic Bus Memory Devices, 3-14 

Extended Bus Memory Devices, 3-18 
MED Interface Connector Pin 
Assignments, 6-23 
MFD(s), 96 TPI or 48 TPI, 2-98 
Mini-Floppy Disk (MFD) Drives, 1-29 
Mini-Floppy Disk Unit (MFD) 
Interface, 1-17, 2-83 

Data Separator, 2-88 

MFDC Interface 

Characteristics, 2-89 

MFDC Interface Connector, P2, 2-89 

MFDC Pin Functions, 2-86 

Mini-Floppy Disk Unit Controller 

(MFDC), 2-84 

Programming the MFD 

Interface, 2-92 

Write Precompensation 

Circuitry, 2-87 

1.2M-Byte MFD Interface, 6-47 
Mini-Floppy Disk Unit (MFD)—1.2M 
Bytes, 6-32 

Configuration, 6-32 

Data Read, 6-43 

Data Write, 6-44 

Diskette Loading Mechanism, 6-34 

Format, 6-40 

Functional Description, 6-40 

Head, 6-35 

Head Loading, 6-42 

Head-Loading Mechanism, 6-36 

Head-Positioning Mechanism 

(Access Mechanism), 6-35 
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Mini-Floppy Disk Unit (MFD)—1.2M 
Bytes (Contd) 

Index-Hole Sense, 6-47 

Pop-Up Mechanism, 6-34 

Power On/Off, 6-41 

Recording Diskette, 6-32 

Side Select, 6-46 

Specifications, 6-38 

Spindle and Spindle-Drive de 

Motor, 6-37 

Track Access, 6-42 

Write-Protect Feature, 6-46 

360K-Byte MFD Interface, 6-22 
Mini-Floppy Disk Unit (MFD)—360K 
Byte, 6-8 

Configuration, 6-8 

Data Read, 6-18 

Data Write, 6-19 

Diskette Loading Mechanism, 6-10 

Format, 6-15 

Functional Description, 6-15 

Head, 6-11 

Head Loading, 6-17 

Head-Loading Mechanism, 6-12 

Head-Positioning Mechanism 

(Access Mechanism), 6-11 

Index-Hole Sense, 6-22 

Pop-Up Mechanism, 6-10 

Power On/Off, 6-16 

Recording Diskette, 6-8 

Side Select, 6-21 

Specifications, 6-13 

Spindle and Spindle-Drive de 

Motor, 6-12 

Track Access, 6-17 

Write-Protect Feature, 6-21 
Mini-Floppy Disk Unit Controller 
(MFDC), 2-14, 2-84 

Interface Characteristics, 2-89 

Interface Connector, P2, 2-89 

Pin Functions, 2-86 
Miscellaneous Operations (Intel 
80287), A-96 
Mode 1 of Mouse Operation, 7-30 
Mode 2 of Mouse Operation, 7-31 
Mode Circuit, 4-30 


Mode Select 1 Register—Output 
Only, 4-59 
Mode Select 2 Register—Output 
Only, 4-60 
Mode Select Register 1, 4-94 
Mode Select Register 2, 4-95 
Mode Selection, 4-63 
Model 301 Versus Model 302 
(Keyboard), 7-18 
Modem (COM MGR), 5-7 
Modes of Operation (Mouse), 7-30 
Modify Status LED Command, 7-16 
Monochrome Display, 1-34, 7-2 
Motherboard, 1-12, 2-1, A-133 
Bus Architecture, 2-15 
CPU/DMA Circuitry, 2-18 
Central Processing Unit (CPU), 1-14 
Direct Memory Access (DMA) 
Cireuitry, 1-14 
Display Controller Board 
Interface, 2-92 
General, 2-4 
1/0 Interface Circuitry, 2-56 
1/0 Interfaces, 1-17 
Memory, 1-15, 2-100 
Pin Diagram, A-133 
RAM/ROM, 2-52 
Real-Mode Virtualization 
Hardware, 1-21 
Motherboard—Figure(s), 
Block Diagram of Programmable 
Interrupt Controller (PIC), 2-43 
Bus Cycle Definition, 2-49 
DMA Controller (Intel 8237A) Block 
Diagram, 2-36 
DMA-Wait Logie Diagram, 2-51 
Data Format, 2-79 
1/0 Port Map, 2-56 
Intel 80286 Functional Block 
Diagram, 2-24 
Intel 80287 Block Diagram, 2-31 
Intel 80287 Pin Configuration, 2-28 
Intel 80826 Pin Configuration, 2-19 
Intel 82284 Clock Generator 
Diagram, 2-45 
Intel 82288 Bus Controller Block 
Diagram, 2-47 
Intel 8254A Timer Block 
Diagram, 2-63 
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Motherboard—Figure(s) (Contd) 
Keyboard Interface Connector, 2-69 
MFD Interface Connector, 2-90 
MMI Physical Interconnection, 2-94 
Motherboard Block Diagram (Sheet 1 
of 2), 2-6 
Motherboard Block Diagram (Sheet 2 
of 2), 2-7 
Motherboard Bus Architecture, 2-17 
Motherboard DIP Switches, 2-97 
Motherboard—LSI Chip and 
Interface Connector Locations, 2-5 
NMI Logie, 2-41 
Parallel Printer Interface Block 
Diagram, 2-72 
Parallel Printer Interface 
Connector, 2-76 
Parity Generator and Checker 
Circuit, 2-55 
Read/Write Memory Array, 2-53 
Real-Time Clock and Calendar Logic 
Diagram, 2-65 
Segmented Memory—Structured 
Software, 2-26 
Serial Communication Interface 
Block Diagram Using NSC 8250 
ACE, 2-78 
Serial Communication Interface 
Connector, 2-81 
Speaker Interface Logic 
Diagram, 2-70 
System Timer Interface, 2-62 
Transmission from Keyboard to 
Keyboard Interface, 2-67 
Wait-State Generator Diagram, 2-51 
uPDT65A Mini-Floppy Disk Unit 
Controller (MFDC) Block 
Diagram, 2-85 

Motorola 6845 (CRT Controller), 1-25 

Mouse (Optional), 1-34, 1-38, 7-1, 7-20 
Assembly, 7-23 
General, 7-20 
Mechanical Specifications, 7-22 
Mouse Interface, 7-32 
Mouse Operation, 7-25 

Mouse Operation, 7-25 
Modes of Operation, 7-30 
Output Signals, 7-25 
Scan Codes, 7-25 


Mouse—Figure(s), 

Block Diagram of Decoding 

Circuit, 7-27 

Block Diagram of Switeh 

Circuits, 7-28 

Components Layout, 7-29 

Keyboard to Mouse Interface 

Connector, 7-32 

Mouse, 7-21 

Mouse Assembly, 7-24 

Typical Output Signals, 7-26 
Multi-Master Interface (MMI), 1-18, 
2-93 

DMA and Bus Master 

Expansion, 2-95 

Interrupt Expansion, 2-93 

Multiple Bus Controllers, 2-95 

Physical Connections, 2-93 

Recommend MMI Support, 2-95 
Multiple Bus Controllers, 2-95 
Multiplication, A-36 

Intel 80286, A-36 

Intel 80287, A-95 
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NEC uPD765A (MFDC), 1-17 
NMI, Causes of, 2-41 
Non-Maskable Interrupt (NMI), 2-41, 
3-43 
Normal Division (Intel 80287), A-95 
Normal Subtraction (Intel 80287), A-94 
NPX Pin Functions, 2-28 
NSC 8250 (Serial Communication 
Interface), 1-18 
NSC MM58274AN (Real-Time Clock 
and Calendar), 1-20 
Number of MFDs, 2-99 
Numeric Execution Unit (NEU), 2-33 
Numeric Operands, A-117 
Numeric Processor Extension 
(NPX), 2-8, 2-27, 2-100 
Instruction and Data Pointers, A-86 
Internal Functions, 2-30 
NPX Pin Functions, 2-28 
Register Stack, A-77 
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Status Word, A-80 
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Operating Modes, 4-52 
320 x 200 Graphics Mode, 4-54 
640 x 200 Graphics Mode, 4-52 
640 x 400 Graphics Mode, 4-53 
Alphanumeric Modes, 4-55 
Color Selection, 4-52 
Output Lines (MFDC), 2-89 
Output Signal Description (MFD), 6-50 
Output Signal Descriptions 
(MFD), 6-24 
Output Signals, 7-25 
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Packed Decimal Transfers (Intel 
80287), A-93 
Parallel Printer Interface, 1-18, 2-14, 
2-71 
Characteristics, 2-74 
Connector, J4, 2-74 
Programming the Parallel Printer 
Interface, 2-76 
Parity Generator and Checker, 2-54 
PC 6300 PLUS and HDC Protocol, 6-86 
PC 6300 PLUS—Dimensions and 
Weights, 1-6 
Phase-Lock Circuitry (DEB), 4-116 
Physical Connections (MMI), 2-93 
Pin Assignments (CPU), 2-18 
Pin Diagram, A-133 
Bus Expansion Board, A-169 
Display Controller Board, A-153 
Keyboard, A-170 
Motherboard, A-133 
Power Supply, A-172 


Pop-Up Mechanism (MFD), 6-10, 6-34 
Positioning Mechanism (MFD), 6-60 
Power On/Off (MFD), 6-16, 6-41 
Power Sequencing (HDU), 6-63 
Power Supply, 1-33, 8-1, A-172 
General, 8-2 
Input Characteristics, 8-3 
Mechanical Characteristics, 8-4 
Output Characteristics, 8-3 
Pin Diagram, A-172 
Power Supply Connectors, 8-5 
Power-On Reset (Keyboard), 7-16 
Principles of Operation (Display 
Controller), 4-4 
Alphanumeric (A/N) Mode, 4-5 
Graphics Mode—All Points 
Addressable (APA), 4-7 
Procedure Implementation (Intel 
80286), A-48 
Processor (COM MGR), 5-8 
(Intel 80286), A-49 
(Intel 80287), A-108 
Processor Control, A-49 
Processor Control (Intel 80286), A-71 
Processor Control (Intel 80287), A-124 
Programming the I/O Registers, 4-58 
Color Select Register—Output 
Only, 4-61 
Mode Select 1 Register—Output 
Only, 4-59 
Mode Select 2 Register—Output 
Only, 4-60 
Mode Selection, 4-63 
Programming Extended Sereen 
Length, 4-66 
Programming the 6845 CRT 
Controller, 4-64 
Status Register—Input Only, 4-62 
Programming the:, 
6845 CRT Controller, 4-64 
Communications Manager, 5-9 
Extended Screen Length, 4-66 
MFD Interface, 2-92 
Parallel Printer Interface, 2-76 
Protected Mode, 2-15 
Protected Mode Initialization, A-20 
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A-SI 

Descriptors, A-23 

Memory Addressing, A-22 

Memory Size, A-22 

Protection Control Instructions, A-51 

Protection Parameter Verification 

Instructions, A-53 
Protected-Virtual-Address Model, A-75 
Protection Control (Intel 80286), A-51, 
A-72 
Protection Parameter Verification 
(Intel 80286), A-53 
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Quick Reference, A-126 
Basie Bus Connector (BBC), A-131 
DMA Channel Assignments, A-126 
Extended Bus Connector 
(EBC), A-131 
1/0 Ports, A-128 
Interrupt Assignments and 
Priorities, A-126 
System Configuration Switches and 
Jumper Settings, A-129 
System Memory Address Map, A-127 
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Random Access Memory (RAM), 1-15, 

1-16, 2-10, 2-52 
1M-Byte Configuration, 1-16 
512K-Byte Configuration, 1-16 
Address Multiplexer, 2-10, 4-13 
Memory Control Logie, 2+ 
Memory Refresh, 2-54 
Parity Generator and Checker, 2-11, 
2-54 
Selecting Circuitry, 4-113 
‘Timing Circuits, 2-10 

Read Operation (HDU), 6-65 


Read from Basic Memory, 
Read from Basie Port, 3-26, 3- 
Read from Extended Memo 
3-21 
Read from Extended Port, 
16Kx8 or 32Kx8 
ROM/EPROMSs, 2-101 
Read-Only Memory (ROM), 1-16, 2-10, 
2-11, 2-55 
Character Generator, 4-19 
Read/Write Head Shipping Zone 
(HDU), 6-62 
Read/Write Heads and Disk(s)— 
HDU, 6-60 
Read/Write Logic, 2-64 
Ready Processing Logic, 4-49 
Real Transfers (Intel 80287), 
Real-Address Mode, 2-15, A-1 
Interrupts, A-20 
Memory Addressing, A-18 
Memory Size, A-17 
Protected Mode Initialization, A-20 
Reserved Memory Locations, A-19 
Shutdown, A-21 
Real-Mode Virtualization 
Hardware, 1-21 
Real-Time Clock and Calendar, 1-20, 
2-65 
Rear Panel—System Module, 1-10 
Recommend MMI Support, 2-95 
Recording Diskette (MFD), 6- 
Reference Clock (HDC), 6-97 
Register Set, A-5 
Reserved Memory Locations, A-19 
Reset Location—Address, 1-16 
Reset Logie, 4-50 
Reversed Division (Intel 80287), A-96 
Reversed Subtraction (Intel 
80287), A-95 
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Scan Codes, 7-25 
Schematic, A-133 
Bus Expansion Board, A-169 
Display Controller Board, A-153 
Keyboard, A-170 
Motherboard, A-133 
Power Supply, A-172 
Scrambler Circuit, 4-40 
Serial Communication Interface, 1-18, 
277 
Interface Characteristics, 2-80 
Interface Connector, J3, 2-80 
Serial Controller, 2-14 
Set Repeat Rate/Delay Command, 7-17 
Shutdown, A-21 
Side Select (MFD), 6-21, 6-46 
Simple DMA Transfer, 2-34 
Single Transfer Mode, 3-41 
Speaker Interface, 1-17, 2-70 
Spindle Lock (HDU), 6-61 
Spindle and Spindle-Drive de Motor 
(MFD), 6-12, 6-37 
Status Lines (Parallel Interface), 2-74 
Status Register—Input Only, 4-62 
String (Intel 80286), A-41 
String Manipulation (Intel 80286), A-64 
Subtraction (Intel 80286), A-35 
Summary of Hardware, 1-6 
Switch DSW1, 2-98, A-129 
Switch DSW2, 2-100, A-130 
System Bus Devices, 3-12 
Direct Memory Access (DMA) 
Devices, 3-37 
1/0 Ports, 3-25 
Interrupt Devices, 3-43 
Memory Devices, 3-13 
System Configuration Jumper 
Settings, 2-96, A-129 
System Configuration Switches, 2-96, 
A-129 
Switch DSW1, 2-98, A-129 
Switch DSW2, 2-100, A-130 
System Interface Connector (P1)— 
HDC, 6-76 
System Memory Address Map, 2-12, 
A-127 
System Module, 1-8, 1-10 
Bus Expansion Board, 1-22 


System Module (Contd) 
Communications Manager Board— 
Optional, 1-33 
Display Controller Board, 1-24 
Display Enhancement Board 
(DEB)—Optional, 1-27 
Display and Keyboard Extension 
Cables, 1-11 
Hard Disk Unit Controller (HDC)— 
HDU Model Only, 1-32 
Input/Output (I/O) Connectors, 1-10 
Magnetic Peripheral Devices, 1-29 
Motherboard, 1-12 
Power Supply, 1-33 
Rear Panel, 1-10 

System Segment Descriptors, A-26 


T 


Telephone Interface (COM MGR), 5-6 
Theory of Operation (HDC), 6-86 
Errors and Track Changes, 6-93 
Firmware Operation, 6-88 
Interface and Control, 6-96 
PC 6300 PLUS and HDC 
Protocol, 6-86 
Time Slice and Sanity Timer, 2-14 
Timer, 1-20, 2-14, 2-61 
Control Word Register, 2-64 
Counters 0, 1, and 2, 2-64 
Data Bus Buffer, 2-63 
Read/Write Logic, 2-64 
Timing Diagram(s), 3-16 
Read from Basic Memory, 3-16 
Read from Basic Port, 3-27 
Read from Extended Memory, 3-21 
Read from Extended Port, 3-33 
Write to Basic Memory, 3-18 
Write to Basic Port, 3-29 
Write to Extended Memory, 3-24 
Write to Extended Port, 3-35 
Timing Logic, 4-34, 4-108 
Touch-Tone Generator (COM 
MGR), 5-7 
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Track Access (MFD), 6-17, 6-42 Write-Protect Feature (MFD), 6-21, 
Track Accessing (HDU), 6-64 6-46 

Transcendental (Intel 80287), A-104, 

A-123 


Transparent Mode, 4-100 
Type of Bus Cycle, 2-48 
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Unconditional Transfer (Intel 

80286), A-43 

Using System Power, 3-52 

Using The System Bus, 3-47 
Compatibility, 3-49 
Decoding Addresses, 3-50 
Drive and Load Requirements, 3-51 
Extending Operation Cycles, 3-52 
Initial Design Choices, 3-47 
Using System Power, 3-52 

Using an Interrupt Request Line, 3-46 
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Video Address Translation Circuit, 2-8 
Voltage Controlled Oscillator (VCO)— 
HDC, 6-100 
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What Is in This Manual?, 1-3 
Window Extension (HDC), 6-101 
Write Operation (HDU), 6-65 

Write Precompensation Circuitry, 2-87 
Write Precompensation Circuitry 
(HDC), 6-102 

Write to Basic Memory, 3-17, 3-18 
Write to Basic Port, 3-28, 3-29 

Write to Extended Memory, 3-22, 3-24 
Write to Extended Port, 3-35 

Write to Port, 3-33 
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Index to Signal Names _-6845ADD, 4-29, 4-39, 4-90, a-160 
6845CLK, 4-35, 4-36, 4-110, A-160, A-164 


-6845CLK, 


-35, 4-36, A-160, A-164 


12 MHz, 4-30, 1-34, A-164, A-165 
-12 MHz, 4 
412 V. 9, A-160 
12 V, 3-8, , 4-90, A-166 
+12 VIDEO, 8 LOCAL 24, A-165 
14 MHz, a- TBM AcLTE 
14.3181 Mit, 4 A-13 
+15 V, 4. 
-16BCH, 2 - 4-30, 4-115, A-140, A 
A-163 
-1WE, A-14 
24 MHz, A-165 
2732CS, 4-12 2-86, 3-10, A-160, A-163, A-165 
2MHZ, A-150 -AO, 4-114, A-156, A-163, A-165 
320B, 4-16, A-159 A0—A14, 4-13 
E A0—A19, 6-72, 6-76, A-168, A-169 
320G, 4-16, A-159 AO—AQ, A-175, 
3201, 4-1 AlI, A-175 
-3200E, 4. -A15A16, A-163 
320R, 4-16, 9 A15—A19, A-163 
-320X200, A-159 Al—Al19, 
320x200 COLORS, 1-18, 4-61, 4-156, A1—A3B, A-156 
A-159 A1—A7, A-155 
3.579545 MHz, A-174 ALD, A-173, 
3.6864 MHz, A-119 A20—A23, 


4 MHz, A-147, A-150, A-151, A-160, A-168, A22—A31, A175 
A-169 A2D, A-174 

4.77 MHz, A-133 

+5 V, 3-8, 3-11, A-168, A-169, A-172 
-5 Vv, 
6 MHz, A-133 

-640 GRAPH, A-159 


A8—A13, A-174, A-176 
A9—A14, A 
AAO—AA23, 2-15, A-134 


AA15—AA23, A-135 
AALATO—AALAT7, A-162 


640X200 BW, 4-16, 4-59, 4-64, A-156, 
| A165 
68452, 4-88 


6845ADD, A-163 


ACHARI, 4-158 
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ACHARR, a- 


AG1 (Yellow), A- 
AG2 (Yellow), A- 
AG3 (Black), A-173 
AT, 4-23, 4-50 
ALI (Black), A- 
AL2 (Black), A- 
AL3 (Yellow), 4-173 
ALATO—ALAT7, 4-20, 4-72, A-15 
A-162, A-167 


ALE, 50, 3-6, A-134, A-135, 
A-136, A-140, A-141, A-168, A-169, A-170, 
A-1T4, A-176 

-ALE, A-140 


ALPHADATO—ALPHADAT7, 4-19, 
A-157, A-158 


AMEMREG, 4-27, 
-AMEMREQ, A 
AO*, A-139, 


A148, ALAA, A-145 


-ARDY, 2-46 
-ARDYEN, 2 
ASETFOREU, A-162 
ATI5, A-134 
AT15—AT23, A-135 
-AUTOFDX, 2-73, 


ALAS 


B1,A 

B13, A-17: 
B14, A-175 

B2, A-175, A-175 


, A-168, A-169 
-BCRDY, A-166 


B(DO), A-161 

BDO—BD7, 6- 

-BDIR, A-140, A-141, A-143 

-BHE, 2-20, 2-24, 3-10, 4-114, A-134, A-163 
BI, A-162 

-BITREAD, 2-58, A-139, A-144 


BLANKFINE, 4-116 
-BLANKFINE, 4-117 
BLANKING, -68, 41-120, A161, 
A-166 
-BLANKING, 4 
A-161, A-166, A-167 
-BLANKINGE, 4-105 


4-71, 4-117, 4-119, 


-BLANKINGLAT, 4-117 
BLAT, 4-16, 4-61, 4-156, A-159 
-BLINCHAR, 4-20, A-158 


-BLINK, 4-2: 
BLINK/-BI, 4 
A162 

BLINKBIT, 4-20, 4-72, A-158, A-162, 


A-158, A-164 


-BOARDRDL, 4-9, 4-29, 4-115, A-154, 
A163 

BOARDRDU, 4-79 
-BOARDRDU, 4-9, 4-29, 4-115, A-163 
-BOARDU, A-154 
-BOARDW, 4-9, 4-28, 4. 
A-154, A-160, A-163, A-167 
-BRDO, A-140 
BUSRDCLK, 
BUSRDL, 
“BUSRDL, 


4-115, A-153, 


|, A-166, A-167 


BW, 4-59, A-156 
BYTE/-WORD, A-140 
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CAS, 4- +34, 4-72, 4-110, A-157, A-164, 
A-167 
-CASO, A-136 


CASO—CASS, 2-53 
-CASO—-CAS3, A-137 
-CAS1, A-136 

-CAS2, 4-136 

-CAS3, A-136 


CCARN, 4-20, A-162, A-165 
CCARNDLY, 4-11, 4-153, A-162 
-C/D, 6-86 

CDO, A-151 

CD1, A-150 

CDLK, A-152 

CDO, A-150 

CDSEL, A-175 

-CHCK, 3-8, A-168, A-169 
-CHIARBEN, A-152 
CHNGBNK, 2-53, 4-135, A-136 
CK, A-174 

CK4.9, A-174, A-175 

CK89, A-165 

CKM, 2-29 

CLK, 2-20, 2-29, 2-45, 2-86 
CLK IN, 4-30 

CLK19, 4-108 

CLK24, 4-30 

CLK286, 
A-140 
CLKSWCH, 4-165 
CLOCK, 3-6, A-170, A-171 
-CLTRAP, 2-58 

CMDO, 2-30 

CMDI1, 2-30 

COD/-INTA, 2-20, 2-30, A-134 
COL, A-174 
COL1—COLS, 4-170, A-171 
COLREGSTB, 4-25 
CON/-ALT, A-143 
COUNTP, 4-109 


2-46, A-133, A-134, A-135, 


COUNTRC, 4-37 
CPTENYV, A-l 


-CPUADD, A: A-164 
-CPUEND, 4-37, 4-111, 4-113, A-164, 
A-166 


CPURESET, A-133, A-134 
CPUSPOT, 4-31 

-CRTCAS, A-164 

CRTCASS, A-155 

CRTCASG, A-155 

CRT/-CPU, 4-13, 4-27, 4-37, 4-72, A-163, 
A-164, A-166, A-167 

-CRTRAS, A-155, A-164 

-CS, 2-38, 2-86, 4-44 

-CS63, A-146, A-152 

-CTCIORQ, 4-139, A-143 

CTS, 2-77, 2-82, A-149 

-CTS, A-149 

CURSORCLK, 4-23, 4-37, 4-39, A-158 
-CURSORCLK, A-164 
CURSORLAT, 4-23, 4-39, A-158, A-160 
-CURSTIME, 4-23, A-158 


D 


D, A-174, A-175, A-176 
DO, A-173, A-174 


DO—D15, 2-20, 2-29, 4-9, A-154 
DO—D7, 3-5, 6-72, 6-76, A-168, A-169, 
Alte 

D8—D15, 3-10 

DACK, 2-34, A-150 

-DACK, 2-86 


-DACKO, 4-13, 4-32 
-DACKO—-DACK3, 3-7, A-168, A-169 
-DACK1, A-142 

-DACK2, A-141, A-142, A-150 
-DACK3, 6-77, A-142, A. 
-DAM PAGE REG, a-140 
-DAMCS, A-140 

DATO, A-170, A-171 
DBO—DB7, 2-86, A-170, A-175 
DCD, 2-77, 2-82, A-149 

DCE, 2-80 


2 
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DDO—DDI1S, 2-15, A134, -140 
DDO—DD7, a1 

DD8—DD15, A-141 

DEGAUSS, 4.51, 4-60, 4-95, A-156, A-161 


-DEGAUSS, 4-51, 4-68, 4-120, A-161 
DEN, 2-48 

Density Mode, 6-49 

DIR, A-150 

-DIR, 2.91 

Direction Select, 6-24, 6-49 
-DIRIN, 6-80 

Disk Change/Ready, 6-50 
DISPEN, 4-39 

DISPENDLY1, A-156, A-160 
-DISPENDLY1, 4-62 
-DISPENE, 4-116 
DISPENLAT, 4-39, A-160 
DISPLENLAT, 4-166 
DISPLENLATA, A-166 

DLAB, 2-79 

-DMA PAGE REG, A-142 
DMACLK, A-133, A-141, A-142, A-143 
-DMACS, A-141, A-142 
-DMACYC, A-152 

DMAGT, A-150 

DMAHOLD, A-143 
DMAHOLDA, A-142, A-143 
-DMAHOLDA, A-135, A-141, A-142, 
A-143, A-144 

DMAHR@Q, A-142, A-143 
-DMAHRQ, A-142 

-DMAIOR, A-135, A-142, A-143 
-DMAIOW, A-143 

-DMAIOWR, A-135, A-142 
-DMAMEMRD, A-135, A-142 
-DMAMEMWR, A-135, A-142 
DMARDY, 2-37 

DRAO—DRAZ, 4-11, 4-82, A-153, A-155 
DRAMDATO—DRAMDATI5, 4-11, 
A-153 

-DRDY, 6-80 

DREQ, 2-38 

Drive Select 0—3, 6-49 

Drive Select 1—4, 6-24 

DRQ, 2-86 

DRQO, A-142, A-145, A-152 

DRQL, A-142, A-152 


DRQ1—DRQ3, 3-7, A-168, A-169 
DRQ2, A-142, A-150, A-152 
DRQ3, 6-77, A-142, A-152 
DRQ3’, A-152 

DRSELI, A-150 
-DRSELI, 2-91 
DRSEL2, a-150 
-DRSEL2, 2-91 

DS3, 2-91, A-150 
-DSELO, 6-80 

-DSEL1, 6-80 

-DSKD, A-150, A-151 
DSR, 2-77, 2-82, A-149 


DTE, 2-80 

DT/-R, 2-48 

DTR, 2-77, 2-82, A-149 
DT/-R, A-135 
-DTRCC, A-174, A-175 
-DTRDC, A-174, A-175 


E 


E, 4-44 

EA, A-171 

-EA, A-174, A-176 
EMODEN, 4-88, 4-92 
ENB, A-152 
-ENDWAIT, 4-39 
ENHANID, 4-92, 4-100 
-ENIOCHK, A-143, A-147 
-EOP, 2-39 

E.R,, 6-28 

-ERROR, 2-22, 2-29, 2-75, A-134, A-148 
ESHFLD, 4-111 
-ESHELD, 4-83 
-EVEN, A-159 
EVENGRAPH, 4-16, A-159 
EVENL, A-159 
-EVENL, A-159 
-EVENWR, A-140 
EVIDE, 4-92, 4-100 
EXP101, 4-62 
EXP1D0, 4-62 
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-EXPANDO, A-167 
-EXPAND1, A-167 
EXPB, 4-50, 4-72, 4-119, A-161, A-167 
EXPG, 19, A-161, A-167 
EXPH, 119, A-161, A-167 
EXPIDO, 4-71, 4-96, 4-119 
EXPID1, 4-71, 4-96, 4-119, A-156 
EXPID8, A-156 

EXPR, 4-50, 4-72, 4-119, A-161, A-167 
EXTHOLD, A-143 
EXTHOLDA, A-140, A-141, A-143 
-EXTHOLDA, A-141, A-143 
EXTINTR, A-145 

-EXTRESET, 2-66, 2-68, A-147 
-EXTRSET, A-133 


F 


FINALCLK, 4-30, 4-74, A-165 
FLT/TRO, 2-87 
FORE/-BACK, 4-21, A-158 
FR/STP, 2-87 

FTI, A-150 


G(D2), A-161 

GG, 4-16, 4-50 

GI, 4-1 0 

GLAT, 4-16, 4-61, A-156, A-159 
GND, 3-8, 3-11, A-168, A-169 


GR, 4-16, 

GRAPH, 4-16, 4-59, A-155, A-156, A-158, 
A-159 

GRAPHSHELD, 4-16, 4-159, A-165 
GRD, A-147 


-GT4KIO, A-139 
GTK, A-139, A-140, A-141 
-GTMB, A-135, A-139, A-141 


H 


H, 4-120, A-164 

H1/-LO, A-150 

H1/-LO’, A-150 

HARD WIRE, A-152 

HD, 2-87 

HDL, 287 

HDSEL, A-150 

-HDSEL, 2-91 
HIGHLIGHT, 4-50, 4-67, A-161 
HI/-LO, 2-91 

-HILOCS, A-146, A-150, A-151 
HLDA, 2-21, 2-30, 2-37, A-152 
HLDA’, A-152 

HOGBUS, A-152 

HOLD, 2-21, A-134, A-143 


A-140, A 
-HOLDA, A-135, A-136, A-140, A-Ld1 
HRES, 4-16, 4-34, 4-59, 4-64, 4-94, A-156, 


HRQ, A-152 
-HS2—-HSO, 6-79 
HSYNC, 4-39, 4-68, 4-120, A-161 


I 


TAO, 3-4 

IB, A-158, A-159, A-161 
ICASO, A-145 
ICAS1, A-145 
ICAS2, A-145 

IDO, 4-68, 4-120, A-161 
ID1, 4-68, 4-120, A-161 
IDA, A-165 
-IDACKO, 4-27, 4-84, A-163, A-168, A-169 
-IDALKO, A-165 
-IDMACKO, 4-27 
IDX, 2-86 

1G, A-158, A-159, A-161 
TI, A-158, A-159, A-161 
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TINTA, A-141 

TINTR, A-141 

-IIOR, 3-5 

-TIOW, 3-5 

ILAT, 4-16, 4-61, A-156, A-159 
IMODEO, 4-50, A-156, A-161 
-IMODEO, 
IMODE1, 
A-161 


-50, 4-60, 4-64, 4-95, A-156, 


-IMODEO, 4-60 

-IMRD, 3-5 

-IMWR, 3-5 

IN SANITY, A-143 
INDO—IND 15, 4-9, 4-79, A-153, A-154 
INDO—IND7, 4-42, 4-156, A-160 
INDB, 4-100 


-INDEX, 2-91, 6-80 

INDG, 4-100 

INDH, 4-100 

INDR, 4-100 

-INHIBITIO, A-135, A-139 
INHIBITWR, 4-136 
-INHIBITWR, A-135, A-136, A-139 
-INHMEM, 4-138 


-INIT, 2-73, 2-75, A-148 

-INT, A-170, A-171 

INTA, 2-44 

-INTA, 2-48, A-134, A-135, A-140, A-141, 
A145 

INTINTR, A-141, A-145 

-INTO, A-173 

INTR, 2-21, 2-44, A-134, A-145 


-INTRCS, A-140, A-141, A-145, 
10, A-163 

-1/0, 6-86 

-10, A-156, A-163, 

-106, A-146 

-1060, A-146, A-147 

-1061, A-146, A-147 

-1062, A-146, A-147 

-1064, A-146, A-147 

-1066, A-146 

-1067, A-146 

-IOADD, 4-25, 4-29, A-156, A-163 
-IOCHCK, A-143 


TOCHK, A-143, A-147 

IOCHRDY, 2-50, A-143. 

-IOCLK, A-133, A-141, A-145, 

-10G, A-140 

-IOR, 2-38, 2-71, 4-79, A-IBA, A-135, 
A-139, A-140, A-141, A-143, A-1M5, A-146, 
AAMT, A-LA8, A-152 

-IORC, 2-48, A-135, A-144 
IORDTRAP, A-133, 4-139 

-IORQ, A-135, A-139, A-144 

IOSETUP, A-133, 4-139 

-10W, 2-38, 2-71, 6-76, A-134, A-135, A-139, 
A-140, A-141, A-145, Aq 
-IOWG, 2-48, 4-135, A-139 
IOWRTRAP, 4-133, A-139 
IR, A-158, A-159, A-161 
IRET, 3-43 
IRQO—IRQ7, 2-40 

IRQ2, A-145 
IRQ2—IRQ7, 3-8 

IRQS, A-145, A-175 
IRQ3—IRQ7, A-168, A-169 
IRQ4, A-145, A-149, A-175 
IRQS, 6-77, A-145 

IRQ6, A-145, A-150 

IRQ7, A. A-148 

-IWE, A-139 


K 


KBCLOCK, 2-66, 2-68, 
KBD TST INT, A-1. 
KBDATA, 2-66, 2-68, A-147 
KBINT, A-145, A-147 
-KBRD, A-145, A-147 
-KBRESET, 2-68, A-147 


7-13, A-MAT 
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120, A-173 
LAO, 2-53, 
A-146, A-148 

LAO—LA13, A-144 

LAO—LAI15, A-134 

LAO—LAQ3, 2-15, A-142 

LAO—LA4, A-149, A-150 

LAL, 2-71, 2-79, A-143, A-145, A-146, A-148 
LA16, 2-9 

LA16—LAQ23. A-135 

LA1—LA15, A-138 

LAI—LAI9, A-139 

LA2, 2-79, A-146, A-147 

LA23, 2-9 

LAS, A-148 

LA4, A-148 

LA4—LAQ, A-140 

LATHSYNC, 4-39, A-157, A-160 
LATVSYNC, 4-37, 4-39, 4-62, A-156, 
‘A-160, A-161, A-164 

LBHE, 2-53 

-LBHE, 2-54, A-134, A-136, A-140, A-141, 
Add 

LCOD/-INTA, A-134, A-140, A-144 
LCT/DIR, 2-87 

LDO, A-133 

LDO—LD3, A-135 

LDO—LD7, 2-15, A-139, A-140, A-141, 
A-144, A-148 

LD1—LD7, A-133 

LITTLEBIT, 4-92, 4-100 

LLCD, A-173, A-174 

LM/-IO, A-134, A-135, A-138, A-139, A-140, 
AM 

-LNMIREG, A-140, A-143 

LOCAL24, 4-30 

-LOCK, 2-20, A-134 


-T1, 2-79, A-136, A-140, A-141, 


LONG, A-152 

LPAREN, A-136, 4-138, A-141 
-LPCLK, 4-89 

=LPCLR, 4-25, 4-73, 4-119, 4-156, A-167 
LPSET, A-156 

-LPSET, 4-25, 4-73, 4-89, 4-119, A-167 
LPSTB, 4-44, 4-62, 4-71, A-156, A-167 
-LPSTB, A-160 


LPSW, 4-62, 4-71, A-156, A-167 
-LSO, A-134, A-140 


-LS1, A-134, A-140 

-LUTCONTLD, 4-100 

-LUTCOUNTLD, 4-92 

LUTCOUNTOE, 4-92, 4-100 
2 00 


-LUTSTB, 4-88 

-LUTW, 4-90, 4-98 

LUTWSTB, 4-25, 4-72, A-156, A-167 
-LUTWSTB, 4-88, 4-119 


M 


M20, 4-13, 4-60, 4-64, A-155, A-156 
MAO—MALI, 4-84 

MAO—MAL3, 4-13, A-155, A-160 
MAO—MA14, 4-43 

MAO—MAS, A-135, A-137 
-MAPCS, A-139 

-MAPWR, A-139 

-MBAON, A-145 

MDO—MDI15, 2-54, A-137, A-138 
MEMFENCE, A-133, A-139 
-MEMR, 4-79, 6-76 
MEMREQCLK, 4-37 
MEMSETUP, A-133, A-139 
MEMWAIT, 4-37, A-164, A-166 
-MEMWAIT, A-166 

MEM, 2-87 

M/-IO, 2-20, 2-48, A-134, A-135, A-136 
MMRD, 4-136 

MMWR, A-136 

MODE WSTBI, A-156 

MODE WSTB2, A-156 

MODEO, 4-51, 4-67, 4-120, A-161 
MODEL, 4-51, 4-67, A-161 
MODEWSTBL, 4-25, 4-73, 4-94, 4-119, 
A-167 

MODEWSTB2, 4-25, 4-73, 4-95, 4-119, 
A-167 

-MODRD, A-139, A-142, A-144, A-145, 
A-149 

-MODWR, A-139, A-142, A-144, A-145, 
A149 
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MONIDO, 4-62 
AGL, A-167 
MONID1, 4-62, 4-71, 4-96, 4-119, A-156, 
A-160, A-161, A-167 

MOTENIL, A-150 

-MOTENI, 2-91 

MOTEN2, A-150 

-MOTEN2, 
Motor On, 
MPOI, A-137, A-138 

MPOO, A-137, A-138 

MPII, A-137, A-138 

MP10, A-137, A-138 

MR, A-174, A-175 

MRD, A-136 

MRD*, A-138, A-143 

-MRD, A-135, A-136 

-MRD*, A-138, A-140, A-141 

-MRDC, 2-48, 4-135, A-138, A-145 
MREQX, A-163 

MUX, 2-53, A-135, A-136 

MUXSWCH, 4-13, 4-35, 4-71, A-155, A-167 
-MUXSWCH, 4-13, 4-35, 4-36, A-164 
MUXTCLK, A-165 

MWR, A-136 

-MWR, A-135, A-136, A-141 

-MWT, A-134, A-139 

-MWTC, 2-48, A-135 


4-71, 4-96, 4-119, A-156, 


N 


NEWHRES, A-160, A-164 
NEWHSYNC, A-157, A-161 
-NEWRAMREQ, 4-112 

NMI, 2-21, 2-40, A-134, A-139, A-143 
NM/-10, A-134, A-135 

-NP, A-143, A-146, A-147 

-NPCS, A-134, A-140 
NPERROR, A-134 
-NPERROR, A-143 
NPRAMEN, A-140 

-NPRD, 
-NPS1, 2-30 
NPS2, 2-30 


-NPWR, 2-29 
-NRDY, 2-50, A-140, A-143 
-ODD, A-159 


Oo 


ODDGRAPH, 4-16, A-159 
ODDL, A-159 

-ODDL, A 
-ODDWR, A-140 
OLIB, 4-86, 4-92 
-ONBD, A-135, A-138, A-140 
ONBDRAM, A-136, A-138 

ORDY, 2-50, A-143, A-166 

-ORDY, 3-11 

OSC, 3-6 

OUTB, 4-100 

OUTG, 4-100 

OUTH, 4-100 

OUTR, 4-100 


P 


POCASL, 4-82 
-POCASL, 4-114 
POCASU, 4-82 
-POCASU, 4-114 
PODO—POD15, 4-83 
POVID, 4-83 
P10—P17, A-170, A-171 
PICASL, 4-82 
-P1CASL, 4-114 
P1CASU, 4-82 
-P1CASU, 4-114 
P1D0O—P1D15, 4-83 
PIVID, 4-83 
P20—P26, A-171 
P20—P27, A-170 
P2CASL, 4-82 
-P2CASL, 4-114 
P2CASU, 4-82 
-P2CASU, 4-114 
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P2D0—P2D15, 4-83 
P2VID, 4-83 
PAGESEL, 4-15, 4-60, 4. 
AA156 

-PARDEL, A-163 
-PARITYEN, A-138, A-147 


4-95, A-155, 


PATI, 4-111 

PCK, A-138, A-143, A-147 

-PCK, A-138 

PCLK, 2-45, 4-68, A-133, A-139, A-143, 
A-161 

-PCLK, A-133, A-140 

PCLK1, 4-120 

PCLK2, 4-16, 4-31, 4-83, A-159, A-160, 


A-164, A-165 

PCLK3, 4-31, A-158, A-161, A-162, A-165, 
A-166 

PCLK4, 4-31, A-159, A-165 

-PCLK4, A-1 
PCLKIN, 
PDO—PD7, 2-73 

PD1, A-153, A-159, A-160, A-164 
PD2, A-157, A-162, A-164 

PE, 2-73, 
-PEACK, 2-22, 2-29, A-134 
PEREQ, 2-22, 2-29, A-134 
-PLANEI, 4-26, A-163 
PLK4, 4 
POSTCHAR, A-158 

PREERROR, 4-116 

PRGND, 2-82 
PROTECTED/-REAL, A-133, A-139 
-PROTECTEN, 2-58 
-PROTECTIN, A-133 
PRTDO—PRTD7, 
PSO, 2-87, 2-88 
PS1, 2-87, 2-88 
-PSEN, A-170, A-171, A-174, A-176 
PTRDO—PTRD7, A-148 
PTRY3, A-lil 

-PTRYS3, A-140, A-148 

PUL, A-158, A-159, A-162 

PV2, A-160 

-PWRUP, A-133, A-139 


108, 4-119, A-165, A-167 


Q 


-Q3, A-140, A-144 
-Q4, A-140, A-M41 
QH, A-152 


RAO—RA3, 
RAO—RASQ, 6-70 

RAL, 4-13, 4-84, A-155 

RAA, 4-86 

RAB, 4-36 

-RAMBUF, 4-9, 4-28, 4-111 
-RAMBUFO—-RAMBUF2, 4-83, 4-114 
-RAMEM, A-135 


A-157, A-160, A-162 


-RAMEN, 2-52, A-136, A-140 
RAMREQ, 4-112 
-RAS, 4-11, 4-35, 4-36, 4-71, 4-82, 4-110, 


A-153, A-164, A-167 
-RASO, A-136 
RASO—RASS3, 2-52 
-RASO—-RAS3, A-137 
-RASI, A-136 

-RAS2, A-136 

-RAS3, A-136 

RASEN, 4-84, 4-110 
RAWCHAR, 4-23, A-158 


-RD, 2-86, A-170, A-174 
R(D1), A-161 

RDD, 
RDDTA, A-150 
-RDDTA, 2-91 
-RDOK, 4-139 
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TD, 2-82, A-149 
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1-30 


Index to Signal Names 


-WEO—-WES, A-137 -¥7, A-140, A-141, A-149, A-150 
-WEI, A-136 ya, A-170, A-171 

-WE2, A-136 yb, A-170, A-171 

-WES, A-136 YIOCLK, 4-133 

-WF, 6-79 -YIOR, A-139, A-141 

-WG, 6-79 -YIOW, A-139, A-141 

-WN, A-163 -YMRD, A-141 

WP’TS, 2-87 -YMWR, A-141 

-WR, 2-86, A-171 YOSC, A-133 


Write Gate, 6-24, 6-49 YSYNC, A-161 
Write Protected, 6-24, 6-50 

WRITEN, 4-28, 4-85, 4-36, 4-72, A-163, 
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Figure A-19, Motherboard (Sheet 14) 
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Figure A-19. Motherboard (Sheet 1B) 
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A en 


Appendix 


op Shes Yea te le (ion ee | eae | 
ar | 
4 ‘ 
a OK spe a 
ln 
I i J. 
1 1 MESS IS (LAU i 
poe LI ar 
\ ] 
“a | ¢ 
fl L 
El 
i, - 
\ 
a 
| x 
WI oy i} 
\ w\s 
\ su] wit 
4) am} LL 
| ur 
oq 086 
| an 
I nm t 
| 
t ft 
: rr (saith n 
a 
: ke 
# 4 
v as ea i 1 Te a ae g 


As Logie Diagrams 


Appendix 
Se SSE OE 


0 1 2 | 3 4 ‘ ‘ fe ees etd 
uk 
wy enna, 
TR) mig at 
4 ws 
i 
t rifts 
tt 1 ie 
7 i T wn al 
nt ry 
axs_ tial eae lll iy he 
q ac ee it 4 Gs ina 8 
Cr vowen/ ay Ta a ama a a(S coos) 
Sea a pe car 
a Mow 
4 ot oF — 
Hl | om thie 
i 
: Bs 
! | fe 
¢| 1 | + c 
bales ‘DU ATA BS 0-015) 
a 
va 
i 
a HOE a : 
cy 
=| oat ih r 
a onl [ | 
fen st 
ict a4 
t aT E 
on a is ty 
em aa a 
at aay 
alee “as go - 
E i 
nn 
sy fy 
' fi 
tl 
all ks 
Ugg th 
vv $f 
i F 
Co) oe a aa | aus 8 
x es og wa 5 5 3 
$ aH an oe | oe 2a) mE ia [8s 
le us | a 
2, wath Ey 
es] art Tea- ae am Ue 
| JECOO ye 
‘ me a jae 
Fy sin ent jut 2 
EB oe enti ne 
i a ‘ 
5 
i] teh ty or ] | t wT 


Figure A-19, Motherboard (Sheet 1H) 
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Figure A-19. Motherboard (Sheet 14) 
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Figure A-19, Motherboard (Sheet 1L) 
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Figure A-19, Motherboard (Sheet 1M) 


SS SS SS 
ie Lagi Diagrams 


Appendix 


U me ome ed 5 é 1 t 3 
A és i 
vr 7 ae ct 
152.1 Sig Si Sim Su FL Sm Sim Fe # 
a 1 ba oo 
1] at My 
=| ft PE L 
t ot 
Siu gt |e. 
Piet oe ' 
-_, 
_ 
7] ls sor ip 
fg 
i 
¢ iat A t 
ine : i ops 
Leys | die gf , 
: is ml Sua mit 
an ryt Suef sos) 
4} fie Cr ae rt | L 
am $5 gl 
it See mf 
E het | ay nl t 
f je rey renb urd aond nga 
aging gm fia $$ 10 
. — joa 
‘ 
f 
4 wut Z 
* wf 
5f wean tg, pt a 
st, : 
f i t Aes 
| # G a 
} es) Ay | 
5 sy BBs | 
Sa 
ie. ; 
1 £ 
es 
1 : é 
ete er ee © hae 


Figure A-19, Motherboard (Sheet 1N) 
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Figure A-19. Motherboard (Sheet 1P) 
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Figure A-19, Motherboard (Sheet 19) 
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Figure A-19. Motherboard (Sheet 1R) 
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Figure A-19, Motherboard (Sheet 1Y) 
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Figure A-20, Display Controller Board—Video RAM (Sheet S1) 
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Figure A-20, Display Controller Board—Data Bus Buffering (Sheet $2) 
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Figure A-20. Display Controller Board—RAM Address Multiplexer (Sheet $3) 
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Figure A-20, Display Controller Board—I/O Register (Sheet $4) 


° Lage Digan 


Appendix 


eS a ee 


SL 
, 
he 
cn) 
st RUM 
putt 
pure 
ja 
pul 
als 
rule 
si RUT 
St SSE. 


‘om 


sie 


sr 
Uy wah 
Jy 
te tke 
nw 
on 
Sts mad gop! 
Nig ae iL 
3] 5 we 
a3) 5 
fs a 
Aig of 
a iv) 15 a 
yy wt 
moo 
0 
n ymis4 [a] 
& 
Sh i a 
Bins 
 unsic_—p—______—"} 
o ® 
f a: 
So, wap 
a7 
fi 
t nea 
Hl 
spt 
tes 
ty Fe 
ra 
Hf 
at 


Figure A-20. Display Controller Board—Character ROM (Sheet $5) 
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Figure A-20. Display Controller Board—Graphies Output Stage (Sheet $6) 


As8 lagi Diagrams 


Appendix 


ee ee 


3 rue 
fu 
[Ss 
so 
_ all 
| 
u9—— 
a 
| 
a = at 
— 1 1S (8) 1 
« 2 Dyer awe |, 
fal [als [sf fs [> [af [fs ihe fe sss) Fog oa 
COEF f | tol, : 
e Ey o 
a 1 ve 1s14 
iF F lu A 
1888 88 5 3 
suri, 
6 
ar uy 
ve 
% ao pee 
sone Sho 0 
1618 
3 1 sa] H 
ur + t ehreers pe 
5 fur Le Ca nw! 
‘ur F, geen | 
Mt T TR SH nie 
Nt ga 74g re AS pT ro) 
Y Mg nh mt ‘i 
or” asa g a i FA 
41 {ise ov ‘ 
1 ae - i x {s 
"| IF Y ws 2112 
4 TBO yfdazae a] YS [eg 
Fa fog 
ey ME SeH f oleae Lela 
4 roo LS 4a eae) } fees 
qttass Te, fk 
a de 
ty (op 
; Ha ahS | ye sa 
st orn Bk $10 GR = 
p 
fe 160 | iB _-zoea0 23 
B 


4 GA 


Figure A-20, Display Controller Board—CRT Controller (Sheet $7) 
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Figure A-20, Display Controller Board-—Blanking and Output Driver (Sheet $8) 
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Figure A-20, Display Controller Board—Underline Logie (Sheet $9) 
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Figure A-20. Display Controller Board—Address Logic (Sheet $10) 
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Figure A-20. Display Controller Board—Address Decoder (Sheet $11) 
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Figure A-20, Display Controller Board—Timing Logic (Sheet $12) 
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Figure A-20, Display Controller Board—Mode Circuit (Sheet $13) 
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Figure A-20, Display Controller Board—Bus Buffering (Sheet $14) 
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Figure A-20. Display Controller Board—Enhancement Connector (Sheet $15) 
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Figure A-20, Display Controller Board—System Connectors (Sheet $16) 
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Figure A-22, Keyboard—Model 302 
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Figure A-23. Keyboard—Model 301 
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Figure A-24, Power Supply 
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Figure A-25. Communications Manager Board (Sheet 1) 
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Figure A-25, Communications Manager Board (Sheet 2) 
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Figure A-25, Communications Manager Board (Sheet 3) 
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